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SUMMARY
4-0 b.5-6.5  year olds, 39 6.6-8 .5 year olds, 38 8.6-10.7 
year olds and 39 adults were tested on two tasks w ith  visual 
analogue EMG biofeedback w ith  the fron ta lis  muscles on four 
consecutive days. The fine  contro l task demanded three five-second 
contractions a t three levels a lte rna ting  w ith  four second rest 
periods. Two tw o-m inute  re laxation periods, one w ith  and one 
w ithou t biofeedback, but w ith  an a tten tiona l focus, a lterna ted 
w ith  the fine  contro l task.
Clear developmental d ifferences were found in performance 
on the fine  contro l task, whatever the analysis employed, unlike 
the re laxation task where children made greater gains than adults 
and the developmental pattern  iden tified  depended on the method o f 
analysis used. A high level o f in te r subject varia tion  was found in 
a ll ages on both tasks.
EMG biofeedback was shown to be e ffe c tive  fo r adult 
subjects (and possibly a ll ages) on the fine  contro l task and fo r 
children aged 6.6-10.7 years on the re laxation task. Settling-down 
and low m otiva tion  w ithou t biofeedback could explain s ign ifican t 
results in the k .5-6.5 year olds and adults respectively.
Improved performance over sessions in the fine  contro l 
task; lack of relationship between performances on the tw o tasks 
and good retention and reminiscence in the re laxation task 
indicated tha t EMG biofeedback w ith  the fron ta lis  muscles m ight
operate in a way analogous to  th a t in which m otor skills are 
acquired.
Lower levels of resting tone in the fro n ta lis  muscles of 
adult males than adult females, w ith  and w ithou t biofeedback, 
could have resulted from  the adoption o f som atic strategies by 
males and cognitive strategies by females while relaxing. No other 
sex differences were reported.
Spatial a b ility , measured by performance on two tasks 
involving le f t / r ig h t  reversals, was unrelated to  performance on 
the biofeedback tasks. Therefore, tests which could be used as 
predictors of biofeedback performance were unlike ly to be 
iden tified .
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1.1 (1) ORIGINS AND DEFINITIONS OF TERMS.
Early antecedents of biofeedback involved exam ination of 
the mechanisms by which individuals or small groups o f subjects 
gained voluntary contro l o f heartra te  (Tarchanoff, 1885, c ited  by 
Yates, 1980) or skeleta l muscles (Bair, 1901). The la tte r  
represents an in teresting early investigation in to  the acquisition 
o f vo luntary contro l o f muscles which m ight possibly also have 
involved biofeedback. The retrahens muscle o f the ear was chosen 
as the ta rge t muscle because some individuals are unable to 
u tilise  i t  to  move the pinna o f the ear vo lun ta rily . Twelve 
subjects, unable to  move th e ir pinnae were selected. A helm et was 
devised tha t allowed free  head movement. This helm et positioned a 
lever w ith  a notch in i t  tha t f it te d  over the ear. The lever was 
attached via  a 'Marey tam bour1 to a kymograph. E lec trica l 
s tim u lta tion  o f the  retrahens muscle was used to  demonstrate the 
required movement to  subjects. Once th is demonstration had taken 
place the subjects were f ir s t  asked to a ttem p t to  aid the movement 
o f the ear produced by the stim u la tion  and second to a tte m p t to  
prevent stim ulated contractions. Th ird ly, e lec tr ica l s tim u la tion  
was stopped and subjects attem pted to move th e ir ear vo lun ta rily . 
Twenty to  th ir ty  contractions (tria ls) were required in the these 
three tasks. Subjects were also asked to try  to move each ear 
independently o f the other. U nfortunate ly, precise deta ils o f the 
tim ing  and pattern ing of contractions was not provided and the 
presentation o f the results was such tha t i t  was not possible to
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quantify how many subjects managed to produce ear movement when 
asked to  do so w ithou t e lec tr ica l stim ula tion. I t  is clear from  
the kymograph traces tha t a t least one subject was able to  to 
produce ear movement and also able to  a lterna te  movement o f the 
two ears. I t  is possible tha t e ight out of the tw elve subjects 
were able to  achieve some movement o f the ir ears w ithou t 
e lec tr ica l stim ula tion. Bair did not make clear whether or not the 
subjects were able to see the kymograph; however, the fa c t tha t 
the e ffe c t of e lec trica l s tim u la tion  was demonstrated to  subjects 
suggests th a t they must have been able to see the kymograph at 
least a t tha t stage of tra in ing . I f  they could see the kymograph 
throughout tra in ing  th is  study could have constituted a very early 
use o f biofeedback.
These early studies aside, in te rest in EMG biofeedback 
appears to have been triggered much la te r as a result o f the 
development o f the technical means both fo r investigating 
electrom yographic changes and fo r presenting appropriate displays 
to subjects (Yates, 1980). Yates (1980) and Basmajian (1981) also 
both described the series o f experiments by M ille r and colleagues 
on rats, reviewed by M ille r (1969), as an im portan t tr ig g e r tha t 
stim ulated a wide range of biofeedback studies in humans, despite 
the fa c t tha t M ille r (1978) concluded tha t operant contro l o f 
v isceral responses in rats had not been demonstrated 
unequivocally.
The te rm  biofeedback, according to Basmajian (1981), had
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been coined in 1969 by a small group o f researchers who met in 
Santa Monica, C a lifo rn ia . Their in te rest lay in the capacity of 
humans to  a lte r physiological parameters such as heartra te , EMG 
and EEG when the e lec tr ica l a c tiv ity  orig inating from  those 
parameters was detected, recorded, transduced, am p lified  and 
displayed as visual or auditory signals (Basmajian, 1981). The 
phrase 'b io log ica l feedback mechanisms' was used by the group of 
researchers to describe the techniques used to  teach individuals 
to manipulate the events represented by the signals. The phrase 
was then abbreviated to  'biofeedback' fo r convenience and was used 
in the name adopted by the meeting fo r the society they form ed, 
the Biofeedback Research Society.
Basmajian (1981) reported th a t the term  biofeedback has 
continued to be used to  include techniques fo r increasing 
voluntary contro l o f skeleta l muscles as well as techniques used 
in a ttem pts to gain voluntary contro l o f heartra te, blood 
pressure, e lectroderm al a c t iv ity  and EEG a c tiv ity . A part from  
skeletal muscles, these parameters are not norm ally considered to 
be under voluntary contro l and Inglis e t al. (1976) suggested tha t 
the use o f EMG a c tiv ity  as the basis fo r a biofeedback signal 
m ight seem inappropriate because skeletal muscles are already 
under voluntary contro l. However, Inglis e t al. (1976) id en tified  
three areas in which EMG signals have been used to  provide 
biofeedback in attem pts to increase contro l o f skeleta l muscles.
The f ir s t  area involved tra in ing  subjects to iso late and con tro l
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the contractions o f single m otor units (Harrison and Mortenson 
1962; Basmajian, 1963; Simard, 1969 and Fruhling e t al., 1969). 
Basmajian (1978) suggested tha t single m otor un it contro l was 
attem pted because of an in te rest in using such contro l to  operate 
prostheses. The second area was th a t of reducing involuntary 
movements (Amato e t al., 1973) and undesirable muscle tone 
(Budzynski e t al., 1973). The th ird  area included attem pts w ith in  
rehab ilita tion  programmes to improve or restore the purposeful use 
o f paralysed muscles (M arinacci and Horande, 1960; Johnson and 
Garton, 1973). The last two areas have continued to  be the m ajor 
fo c i o f EMG biofeedback research. Recognition o f some d is tinc tion  
between biofeedback derived from  the e lec trica l a c t iv ity  o f 
skeleta l muscles and tha t derived from  other sources have led to  
suggestions fo r other term s to describe biofeedback from  muscles. 
These include myofeedback (Lee e t al., 1976), EMG feedback (Am ato 
e t al., 1973) and EMG biofeedback (Budzynski e t al., 1973) which 
are s t il l used regularly. Other term s such as sensory feedback 
(Brudny e t al., 1976) and a r t if ic ia l proprioception (Basmajian,
1963) do not seem to  be in general use now.
The term s augmented feedback (H urre ll 1979) and augmented 
sensory feedback (Ontario Crip led Children's Centre (OCCC) 1975; 
Pickard 1979) have also been used, although Yates (1980) did not 
even index them in a very comprehensive survey o f the subject. 
H urre ll (1979) used the term  augmented feedback to distinguish 
feedback based on the measurable movement o f a lim b from  feedback
derived from  e lec tr ica l potentia ls o f muscles. P ickard (1979) made 
a s im ila r separation when she used the term  augmented sensory 
feedback to distinguish the use of angle m onitors to  give 
in fo rm ation  about the movement o f limbs, trunk or head from  EMG 
biofeedback. This d is tinction  m ight not be considered to  be 
conceptually im portan t because c learly  the movements o f limbs 
result from  changes in  muscle length. Nevertheless, there could be 
a p ractica l reason fo r making a d istinction. As H urre ll (1979) 
pointed out, EMG biofeedback techniques can be used to detect 
e lec tr ica l a c tiv ity  in otherwise paralysed muscles which are 
unable to produce any detectable movement in a lim b. Angle 
monitors on the other hand have been used m ainly in a ttem pts to 
reduce unwanted movements and so enable patients to  increase 
precision o f movement ra ther than in a ttem pts to restore the use 
o f paralysed limbs.
However, the term  augmented sensory feedback was used 
d iffe re n tly  in the OCCC annual report (1975). I t  was proposed in 
tha t report tha t the principles o f biofeedback stemmed from  
concepts developed by Weiner(1950) about the use o f feedback as a 
method o f contro lling  a physical system by re -inserting in to  i t  
the results o f its  past performance. Biofeedback was there fo re  
defined by the OCCC (1975) as 'in fo rm ation  about the im m ediate 
past performance of an aspect o f a b io logical system which is 
reinserted in to  the system'. The report went on to  state th a t 'the 
physiological or m otor output o f the bio-system is m onitored by
5
external sensors. The sensors are part o f a system which displays 
the in fo rm ation  in a form  perceptib le by the individual. This 
ex trins ic  feedback in fo rm ation  serves to augment the in tr in s ic  
feedback in fo rm a tion .1 The term  'augmented sensory feedback' was 
introduced to describe the combination o f extrins ic  and in tr in s ic  
feedback in fo rm ation  which was used 'by the centra l nervous system 
to adjust or co rrec t im m ediate or fu tu re  physiological or m otor 
responses so th a t they conform  more closely to the expected 
response.' (p .l). This de fin ition  o f biofeedback encompasses the 
term  augmented sensory feedback as distinguished by Pickard (1979) 
and augmented feedback (H urre ll, 1979). Therefore in the present 
study the te rm  biofeedback w ill be used, as defined by OCCC 
(1975), to  include in fo rm ation  derived from  systems under 
autonomic contro l and in fo rm ation  derived from  any aspect o f the 
somatic contro l of muscles and the movement o f jo in ts. The te rm  
EMG biofeedback w ill be used to  id en tify  situations when the 
e lec tr ica l potentia ls of muscles are monitored and used as the 
basis fo r an extrins ic  feedback loop.
1.1 (2) THE NATURE OF THE EXTRINSIC FEEDBACK LOOP: 
TERMS USED.
The precise nature o f the extrins ic  feedback loop, 
pa rticu la rly  the way in which the in fo rm ation  about e le c tr ica l 
changes in muscles is relayed and displayed to subjects, has been 
very varied and the lack o f standardisation o f methods has made 
comparison between studies d iff ic u lt.  Yates (1980) went so fa r as
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to  a ttr ib u te  most i f  not a ll the contentious issues in  biofeedback 
to  d ifferences in method and W olf (1983) also emphasised the need 
fo r consistent tra in ing  procedures together w ith  fu ll descriptions 
o f procedures used. D ifferences in methods may occur a t the f ir s t  
stages o f recording electromyograms. For example, Lippold (1967) 
described the use of im planted electrodes to detect the po tentia l 
fie lds th a t result from  local currents flow ing between resting and 
tem porarily  depolarised regions o f the muscle fib re  surface. 
A lte rna tive ly , surface electrodes may be used to de tect these same 
signals, though attenuated, a t the skin (Lippold, 1967). However, 
these recordings may also include action potentia ls generated a t 
some distance from  the m onitoring s ite and therefore  the source of 
recordings made w ith  surface electrodes must be in te rpre ted  w ith  
extrem e caution (Basmajian, 1963).
The com plicated, attenuated waveforms picked up by surface 
bipolar recording electrodes are usually am plified  and unwanted 
signals (eg. from  heartra te) f ilte re d  out. The EMG is re c tifie d , 
in tegrated and a signal proportional to the in it ia l EMG displayed, 
thus making i t  more understandable to a subject (H urre ll, 1979). 
Integration provides a composite measure o f the number o f active  
fibres and the ir frequency of exc ita tion ; Lippold (1967) suggested 
tha t the in tegrated signal provide an accurate measure o f the 
number of m otor units active  during sub-maximal isom etric  
contractions. During such contractions a linear re lationship 
exists between the in tegrated electrom yogram  and the fo rce  th a t a
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muscle is capable o f generating as a result o f a contraction, 
although Petrofsky and Lind (1980) indicated tha t lin e a rity  m ight 
be lost when contractions exceeded f i f t y  percent o f the maximum 
contraction as a result o f fa tigue. Bigland and Lippold (195^a) 
add itiona lly proposed a linear re lationship between in tegra ted EMG 
levels and the force th a t a muscle could exert during isotonic 
contractions provided tha t the ra te  of change of length remained 
constant and fa tigue was not a fac to r. Williamson e t al. (1980) 
id en tified  movement o f electrodes re la tive  to  the belly o f the 
muscle as a fa c to r like ly  to reduce the lin e a rity  o f th is 
relationship in isotonic contractions.
The in tegrated EMG signal may then be displayed to  
subjects in a va rie ty  o f ways. The biofeedback signal can e ithe r 
be binary or analogue (Yates, 1980). Binary biofeedback in the 
form  o f a tone, a ligh t, a word or a number is presented only when 
a selected threshold is exceeded. There is no fu rth e r change in 
the signal even i f  the number o f m otor units responding increases. 
Therefore binary biofeedback provides less in fo rm ation  than 
analogue biofeedback in which the signal varies in  proportion to 
change in level o f e lec tr ica l a c tiv ity  o f muscles. Analogue 
biofeedback, also called proportional, continuous feedback by 
Yates (1980), has been most extensively used in c lin ica l EMG 
biofeedback studies (eg. F in ley e t al., 1976, 1977; Lee e t al.,
1976; Middaugh, 1978; Mroceck e t a l., 1978; and Burnside e t a l.,
1982). However, fu rthe r varia tion  results from  the fa c t th a t
biofeedback can be provided e ither through auditory or visual 
m odalities. Analogue auditory biofeedback m ight take the form  o f a 
tone th a t varies in  p itch  (Lee e t al., 1976; Mroceck e t al., 1978; 
Middaugh and M ille r, 1980) or a series o f c licks th a t vary in 
frequency (Finley e t al., 1976, 1977). Analogue visual biofeedback 
m ight be presented via  an oscilloscope (Johnson and Garton, 1973; 
Mroceck e t al., 1978) a m eter (Amato e t al., 1973; Burnside e t 
al., 1982) a bank o f lig h t em itting  diodes (LED'S) (Lee e t al.,
1976; Craig and C leary, 1982) or a computer display (Hatch e t al.,
1983). A ll except three o f the studies lis ted above (Amato e t a l., 
1973; Middaugh and M ille r, 1980 and Craig and C leary, 1982) 
provided subjects w ith  both auditory and visual m odalities of 
biofeedback from  the same muscle although the reasons fo r  doing 
th is  were not discussed.
O'Connel e t al. (1979) distinguished between absolute and 
re la tive  biofeedback. In the f ir s t  a reference point is provided 
so tha t the magnitude o f signal change w ith  tim e  can be noted by 
the subject. Most form s o f analogue visual biofeedback furnish 
such a reference point. In re la tive  biofeedback no reference point 
is supplied, as is usually the case w ith  auditory biofeedback, 
where the change in ra te  o f c licks or the p itch  o f a tone provides 
in fo rm ation  about the d irection o f a change. In fo rm ation about the 
magnitude o f change w ill depend on how w e ll each subject can 
remember the orig ina l note or the orig ina l rate o f clicks.
The in fo rm ation  available to a subject w ill also depend on
9
the relationship between in tegrated EMG levels and the ra te  o f 
change o f an analogue biofeedback signal (the sens itiv ity  
setting); and on the m anipulation o f the sensitiv ity  setting 
during trea tm en t (Inglis e t al., 1976). Hatch and Gatchel (1981) 
reported tha t most studies o f heartra te  biofeedback in humans have 
used some form  of shaping schedule in which progressively greater 
changes in heartra te are required o f the subject to produce the 
same changes in the biofeedback signal as performance improves. 
They considered tha t the c r ite r ia  used in shaping procedures are 
usually a rb itra r ily  chosen. C erta in ly , the EMG biofeedback studies 
o f Basmajian e t al. (1975), Lee e t al. (1976) and Burnside e t al. 
(1982), to  be reviewed la te r, were a ll marred because the c r ite r ia  
used in shaping were not described.
1.1 (3) THEORETICAL MODELS.
The lack o f a consistent methodology has been para lle lled 
by the lack o f consensus on just how the provision o f an ex trins ic  
biofeedback loop m ight supplement in tr in s ic  biofeedback and 
improve voluntary contro l o f skeletal muscles. The theo re tica l 
models a ttem pting to explain the action o f biofeedback fa ll in to  
three m ajor categories, the non-specific or placebo e ffe c t (Frank, 
1982), the operant conditioning paradigm (Black e t al., 1977) and 
a cognitive, skills awareness paradigm (Yates, 1980; Hatch and 
Gatchel, 1981).
The f ir s t  model is a non-specific one in which the fa c t 
th a t the biofeedback signal is contingent on changes in in teg ra ted
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EMG levels is considered unim portant.. I t  has been postulated tha t 
EMG biofeedback m ight operate e ithe r by increasing m otiva tion  
(Alexander e t al., 1977) or by acting as a focus o f a tten tion  
(Davis, 1980; Qualls and Sheehan, 1979, 1981 a b c). Biofeedback 
m ight also induce an expectation o f increased contro l in both 
tra ine r and learner by the use o f a novel form  o f trea tm en t and 
complex e lectron ic  equipment (Inglis e t al., 1976; Middaugh,
1978). I f  biofeedback operates in any o f these ways then a 
non-contingent biofeedback signal should be as e ffe c tive  as a 
contingent signal in increasing voluntary contro l o f muscles i f  
m otivation , a tten tion  and expectation are manipulated by 
instruction  so tha t they are equal in both contingent and 
non-contingent conditions. However, Frank (1982) viewed the 
placebo e ffe c t ra ther d iffe re n tly . He considered the placebo 
e ffe c t to be inextricab ly  linked to the contingency o f the 
biofeedback signal. He suggested tha t, i f  the tra in ing  succeeds, 
i t  would provide a means o f m onitoring progress and there fo re  
serve to increase a pa tien t's  sense of mastery or self-esteem  
while also increasing a pa tien t's  expectant fa ith  in the 
trea tm ent.
The other two models both assume tha t biofeedback operates 
specifica lly . The fa c t th a t the biofeedback signal is contingent 
upon changes in in tegrated EMG levels is v ita l and contingent 
biofeedback should therefore  be more e ffe c tive  than non-contingent 
biofeedback in increasing voluntary contro l o f muscles.
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Biofeedback is seen in the operant model as a re in fo rce r or 
reward, the occurrence o f which is contingent upon the magnitude, 
ra te  or d irection  o f a response. The presence o f a positive 
re in fo rcer increases the like lihood of tha t response being 
produced (C o tt e t al., 1981). This model is a descrip tive one th a t 
does not a ttem p t to explain mechanisms and, although contingency 
is im portant, the amount o f in fo rm ation  provided by the signal is 
not thought to  be v ita l (Yates, 1980). Therefore binary 
biofeedback should be as e ffe c tive  as analogue biofeedback in th is 
paradigm (Hatch and Gatchel, 1981).
The th ird  group o f explanations a ll postulate th a t the 
biofeedback in fo rm ation  enables subjects to  become aware o f some 
aspect o f the required response in a way th a t is not possible 
w ithout biofeedback and tha t th is awareness then enables them to  
gain or im prove contro l o f tha t response. The differences between 
authors lie  in the ir views of precisely what a subject becomes 
aware of. For example, biofeedback has been described as 
increasing awareness o f physiological responding (Hatch and 
Gatchel, 1981), or selected events o f one's in te rna l world 
(Pickard, 1979). I t  has also been described as aiding the 
d iscrim ination o f appropriate cues from  a vast fie ld  o f sensations 
(Cohen and Sedlaceck, 1983). Such descriptions are too broad and 
imprecise to be useful in developing testable predictions and 
Yates (1980) summarised four more precise ways in which 
biofeedback m ight operate. Biofeedback m ight increase awareness o f
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cognitive strategies (cognitive mediation) or somatic strategies 
(somatic mediation) which could a lte r physiological parameters. 
A lte rna tive ly , biofeedback m ight increase awareness o f the 
physiological param eter being monitored, such as muscle a c tiv ity . 
F ina lly  Yates (1980) suggested tha t biofeedback m ight increase 
awareness o f the underlying system fo r somatic con tro l o f muscles 
and jo ints, ra ther than increasing awareness of EMG a c tiv ity  per 
se.
Cognitive and somatic mediation strategies have been 
considered pa rticu la rly  in re la tion  to  gaining voluntary con tro l 
o f autonomic function  w ith  biofeedback (Brener, 1981). Autonom ic 
contro l m ight be brought about in d irec tly  when subjects used 
biofeedback in fo rm ation  to become aware of changes in e ithe r a 
related somatic system or in cognitive strategies th a t could 
a ffe c t the ta rge t response. For example, subjects m ight become 
aware th a t voluntary changes in respiration rate can a lte r 
heartra te, as m ight th inking arousing or relaxing thoughts. The 
role o f somatic mediators has been an im portan t issue in heartra te  
biofeedback studies because o f disagreements about whether or not 
biofeedback aided contro l o f heartra te  gained via som atic 
mediation constituted genuine voluntary contro l (C o tt e t al. 1981; 
Donald and Hovmand, 1981; Taub and Emurian, 1977; Brener, 1981; 
and P lotk in , 1981). However, the role o f cognitive or som atic 
mediators in attem pts to gain or increase contro l o f skeleta l 
muscles w ith  biofeedback does not seem to have been considered
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overtly , although im p lic it  assumptions th a t cognitive and somatic 
strategies could a ffe c t muscle tone must have been made because 
subjects have been instructed to  re lax (eg. Davis, 1980; Stilson 
e t al., 1980) when a ttem pting  to  reduce resting tone in the 
fron ta lis  muscles using EMG biofeedback.
The suggestion tha t acquisition o f contro l o f autonomic 
functions w ith  biofeedback m ight occur in a way s im ila r to th a t in 
which complex m otor skills  are acquired w ithou t biofeedback, has 
also been discussed, m ainly in re la tion to  the acquisition o f 
vo luntary contro l o f autonomic function w ith  biofeedback and its  
re la tive  m erits  compared w ith  the operant model (Lang, 1974; 
Johnston, 1977; Johnston and Lethem, 1981). Only Brener (1974) and 
Stilson e t al. (1980) have examined EMG biofeedback in re la tion  to  
the m otor skills analogy. Brener (1974) speculated tha t 
biofeedback derived from  skeletal muscles m ight increase awareness 
o f the in flow  o f proprioceptive, a ffe ren t in fo rm ation  while 
Stilson e t al. (1980) considered tha t i t  m ight be the e ffe re n t 
ou tflow  which is monitored, compared w ith  a desired state and 
m odified during biofeedback tra in ing. These two theories, the 
so-called m otor loop theory (Brener, 1974) and the cen tra l loop 
theory (Stilson e t al., 1980) re fle c t the pe riphe ra lis t-cen tra lis t 
dichotomy o f view about the role o f proprioceptive biofeedback in 
contro l o f voluntary m otor a c tiv ity . Johnston and Lethem (1981), 
in discussing the m otor skills analogy, suggested ye t another way 
in which biofeedback m ight help to  increase awareness. They stated
tha t biofeedback m ight be most e ffe c tive  in increasing a subject's 
awareness o f the ta rge t or goal ra ther than increasing awareness 
o f a ffe ren t in flow  or e ffe ren t outflow . They therefore considered 
th a t biofeedback would be m ainly e ffe c tiv e  in increasing level o f 
performance of an action rather than in aiding the learning o f a 
new action.
The idea of a stored image o f a desired state discussed by 
Stilson e t al.(1980) closely para lle lls  ideas about m otor schemata 
proposed by Schmidt (1975 and 1976 in Schmidt, 1982). He envisaged 
th a t learning a new sk ill required the acquisition o f a set o f 
rules fo r executing a class of actions and proposed tha t such a 
m otor schema would involve four parameters. These include the 
in it ia l conditions required fo r action, the response 
specifica tion , the outcome of the action and the sensory 
consequences of the action. Learning a to ta lly  novel task would 
therefo re  in it ia lly  require laying down the bases o f a ll four 
parameters. As learning proceeded and performance improved the 
settings o f the four parameters would be refined. The precise ro le 
o f proprioceptive feedback in learning a new sk ill or im proving 
performance o f a sk ill already in the behavioural reperto ire  is 
not known (and therefore the role o f biofeedback must also be 
unclear). However, the generally accepted view as proposed by 
Newell (1981) and Summers (1981) suggests th a t i t  depends on 
whether the sk ill being performed involves rapid ly executed 
movements such as those used in throw ing, piano playing and typ ing
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or slower movements such a handwriting, walking and swimming. In 
the f irs t,  k inaesthetic in fo rm ation  would probably be used to 
m odify the param eter settings o f the re levant m otor schema and so 
a lte r the next execution o f the action. However, in tr in s ic  sensory 
feedback could also be used in the second to  m odify movement 
during an action where there was su ffic ie n t tim e to  make precise, 
fine adjustments. An extrins ic  biofeedback loop m ight therefore  
also operate in one or both o f these ways.
1.1 (4) THE PRESENT STUDY.
The present study developed from  an in te rest in the
therapeutic use o f EMG biofeedback w ith  cerebral-palsied children
in to  a study o f developmental and individual differences in  the 
a b ility  o f normal subjects to use EMG biofeedback. In order to 
examine th is issue i t  was also necessary to investigate the 
effectiveness o f EMG biofeedback in increasing vo luntary contro l 
o f muscles. Previous research in to  th is  question had occurred both 
in the context o f rehab ilita tion  programmes and in a ttem pts to 
reduce resting tone in the fron ta lis  muscles o f normal subjects 
and patients. Therefore these two areas o f lite ra tu re  w ill be 
fu lly  reviewed in sections 2 and 3 o f th is chapter. An additional 
reason fo r review ing the c lin ica l lite ra tu re  in some deta il is 
tha t i t  was hoped tha t the present study m ight fo rm  the basis o f 
fu rth e r investigation in to  the effectiveness o f EMG biofeedback as 
a form  of therapy. Evidence fo r the placebo e ffe c t o f biofeedback 
w ill be considered throughout sections two and three o f th is
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chapter in which findings about the e fficacy  o f EMG biofeedback 
tra in ing  in increasing voluntary contro l o f muscles w ill be 
reviewed. Evidence about the operant and cognitive skills  
acquisition models w ill be assessed in section U o f th is chapter.
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CHAPTER 1 -  SECTION 2
THE EFFECTIVENESS OF EMG BIOFEEDBACK IN INCREASING 
VOLUNTARY CONTROL OF MUSCLES WITHIN REHABILITATION 
PROGRAMMES.
1.2 (1) Case studies
1.2 (2) Contro lled studies
1.2 (3) Transfer o f contro l learned w ith  biofeedback
to situations w ithou t biofeedback.
1.2 (4) Summary
1-2 (1) CASE STUDIES
Sporadic reports o f the use o f EMG biofeedback in a 
c lin ica l context were published in the 1960's (Marinacci and 
Horande, 1960; Basmajian, 1963; Andrews, 1964 and Simard, 1969). 
These were exploratory, single or m u ltip le  case studies which 
lacked any fo rm  of contro l. Although i t  was there fo re  not possible 
to  draw conclusions from  these studies about the e ffica cy  o f EMG 
biofeedback in increasing voluntary contro l o f muscles, the 
results seemed to  have been su ffic ie n tly  encouraging to  s tim u la te  
fu rth e r investigations in to  the therapeutic value o f biofeedback 
both in the United States and Canada during the 1970's (eg. 
Harrison and Connolly, 1971; Am ato e t al., 1973; dohnson and 
Garton, 1973; Harris e t al., 1973; Kukulka and Basmajian, 1973; 
Takebe and Basmajian, 1976; Brudny e t al., 1976 and Wooldridge 
and Russell, 1976). These were also case studies and there fo re  
m ainly im portan t in aiding the development o f therapeutic  
techniques and raising issues fo r fu rth e r research.
The earliest studies reported the results o f trea tm en t o f 
single cases. For example, the case study o f Amato e t al. (1973) 
illus tra tes  inadequacies shared by the reports of many EMG 
biofeedback studies. The study lacked clear, detailed descriptions 
o f any previous trea tm en t and its  outcome. The patient had 
suffered from  le f t  hemiparesis w ith  a spastic overlay as a resu lt 
o f a traum atic , righ t sided head in ju ry  nine years before the 
s ta rt o f the biofeedback trea tm ent. The patient had previously
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undergone long periods o f physiotherapy but s t il l suffered from  
severe loss o f function  in le f t  upper and lower limbs. N e ither the 
nature o f the in it ia l trea tm en t nor any improvements in his 
condition im m ediate ly during or a fte r  the in it ia l periods o f 
physiotherapy were reported. I t  was therefore  not possible to 
decide i f  the pa tien t's  functiona l status had been s ta tic  a fte r 
the in it ia l trea tm ent, or to assess i f  a regression in m o b ility  
had occurred or i f  im provem ent had continued over the nine year 
period. However, the le f t  ankle was reported as showing m in im al 
movement a t the s ta rt o f the biofeedback tra in ing because o f 
gastrocnemius-soleus hyperton ic ity  which negated the action o f the 
anterio r tib ia lis . Zero dorsiflexion o f the ankle was reported.
Methods o f assessment o f level o f function a t the s ta rt 
and end o f therapy, verbatim  instructions given to  patients and 
the pattern  o f the trea tm en t programme were not fu lly  detailed. 
However, i t  appeared tha t the therap ist who was to  carry  out the 
tra in ing  programme made subjective judgements in which the amount 
o f movement was graded as good, fa ir ,  trace  or m inim al. A c tive  
range of movement (ROM) around the knee and ankle jo in ts  was 
reported in degrees but no details were provided about the 
equipment used to obtain these measurements. Surface electrodes 
were used to  record the EMG a c tiv ity  o f the le f t  medial 
gastrocnemius muscle. The frequency response o f the a m p lifie r used 
to record the EMG signal was from  20-100 hertz. The pa tien t was 
provided w ith  continuous, visual biofeedback via  a m eter in which
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the amplitude, o f de flection  was loga rithm ica lly  re lated to the 
frequency o f the EMG signal. No reasons fo r adopting th is basis 
fo r the biofeedback signal were given nor were the verbatim  
instructions to the patient reported. The patient was described as 
in it ia lly  being instructed to  re lax and con tract the le f t  medial 
gastrocnemius muscle repeatedly and to observe the resulting 
de flection  o f the m eter needle. He was asked to try  to learn what 
the muscle fe lt  like  when contracted or relaxed. Whether or not 
th is was achieved was not reported. However, the pa tien t was then 
asked to  a ttem p t dorsifiexion o f the le f t  ankle w hile  inh ib iting  
gastrocnemius a c tiv ity . Details o f EMG levels recorded from  the 
gastrocnemius were not given. I t  was reported th a t a fte r the 
in it ia l tra in ing  session the tasks were practised a t home fo r 
th ir ty  minutes per day over a two month tra in ing  period during 
which a shaping procedure was adopted. In it ia lly  a threshold was 
set by the therapist so tha t 'a considerable amount o f EMG 
a c tiv ity  was required to  cause the m eter to de fle c t'. The 
threshold was then 'lowered period ica lly ' by the patien t. These 
imprecise statements make evaluation o f the shaping procedure 
impossible but the c r ite r ia  fo r a lte ring  the level a t which 
biofeedback was given seem to have depended on the subjective 
judgement o f the therapist or the patient.
Re-testing o f dorsifiexion took place a t the end o f the 
two month tra in ing. The patien t was described as showing an 
increase in active  ROM o f f ifte e n  degrees and ga it was reported as
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having improved in tha t he was able to put his fo o t f la t  on the 
flo o r from  heel s trike  to  mid-stance. This was presumably not 
possible a t the s ta rt o f the trea tm en t because dorsifiexion was 
n il. However, the cause o f these reported improvements was not 
clear. They could have resulted from  a specific  e ffe c t o f the 
biofeedback trea tm ent, but the changes could also have resulted 
from  a non-specific, placebo e ffe c t o f the whole tra in ing  
s ituation. I t  is ce rta in ly  possible tha t the renewed a tten tion  
could have acted as a powerful m otiva to r a fte r a nine year break 
from  therapy and any trea tm en t m ight therefore  have produced the 
reported changes. Treatm ent could simply have returned the pa tien t 
to  the level of m ob ility  achieved a t the end o f the trea tm en t 
given nine years ago i f  the pa tien t's  condition had regressed in 
the meantime.
The m u ltip le  case study o f Johnson and Garton (1973) 
fu rthe r exem plifies the above mentioned c ritic ism s o f EMG 
biofeedback studies, despite the fa c t th a t eleven patients were 
treated. Two patients w ith  paralysis o f the tib ia lis  an terio ris  
muscles as a result o f traum a tic  head in ju ry and nine who 
experienced s im ila r problems as a result o f CVA were selected.
The measurements of change in degree o f dorsifiexion in th is study 
were even less objective than those used by Amato e t al. (1973) 
because active ROM was not tested. There was a s im ila r lack o f 
detailed reporting o f techniques and the causes o f the reported 
changes were equally unclear. The reported improvements were
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obviously im portan t to  the patients and the authors were 
su ffic ie n tly  impressed w ith  the technique th a t they recommended 
its  much wider use. However, as w ith  the study o f Am ato e t al. 
(1973), i t  was not possible to  conclude tha t EMG biofeedback 
therapy caused the reported changes.
An additional, i f  unlike ly, fa c to r in the study o f Johnson 
and Garton (1973) which m ight have accounted fo r the increase in 
dorsifiexion was spontaneous recovery. The idea tha t patients 
reach a plateau o f recovery a t approxim ately one year a fte r 
suffering a CVA seems to be w idely held and Johnson and Garton 
(1973) presumably reported th a t the tim e  elapsed a fte r  onset o f 
the hemiplegia was more than one year in  a ll patients, precisely 
because they assumed th a t no fu rthe r change in status would occur. 
However, Van Buskirk (195k) reported tha t, although spontaneous 
recovery o f function a fte r cerebral damage occurs most m arkedly in 
the f irs t  two months fo llow ing in ju ry, recovery can occur a t any 
period a fte r the onset o f the d isab ility  -  although Van Buskirk 
did im ply th a t the longer the period a fte r in ju ry  the less was the 
chance of spontaneous recovery taking place. Some o f Johnston and 
G arton’s patients may have suffered th e ir insult only th irte en  
months prior to  trea tm ent and therefo re  improvements in 
dorsifiexion may have been taking place in these patients w ithou t 
the aid o f the biofeedback trea tm ent. I t  is also possible th a t 
spontaneous recovery accounted fo r the changes reported in the 
study o f Am ato e t al. (1973) although i t  would seem less lik e ly  as
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nine years had elapsed a fte r  in jury.
Therefore these two studies, the one reporting the value 
o f EMG biofeedback tra in ing  fo r  reducing spastic ity and the other 
the apparent effectiveness o f such tra in ing in reducing paralysis 
in the lower lim b are m ainly o f h is to rica l in te rest. However, the 
results of such m ultip le  case studies seem to  have stim ulated 
fu rth e r in te res t in to  the po ten tia l o f EMG biofeedback as a fo rm  
of therapy. M u ltip le  case studies could also have provided a basis 
fo r comparing outcomes o f tra in ing  in individuals w ith  varying 
degrees o f severity o f symptom or tim e  a fte r in jury.
U nfortunate ly, d iffe rin g  lengths o f trea tm ent, trea tm en t ta ilo red  
to  the needs o f the individual and small sample sizes (H arris e t 
al., 1973; Wooldridge and Russell, 1976) made th is sort o f 
comparison impossible. However, the extensive series of m u ltip le  
case studies carried out by Brudny, Korein and colleagues between 
1974 and 1976 on a to ta l of one hundred and fourteen patients and 
reviewed by Brudny e t al. (1976) provided fu ll and detailed 
descriptions o f trea tm en t schedules and summarised the main areas 
tha t needed fu rth e r c la rifica tio n . The authors id en tified  the 
precise protocol o f biofeedback tra in ing  programmes as an 
im portan t issue tha t could a ffe c t the choice o f technique to  use 
in a range o f c lin ica l situations. They reported the necessity o f 
defin ing the c lin ica l conditions best trea ted  by these techniques 
and emphasised the need to id e n tify  patients most like ly  to  
achieve successful results.
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1.2 (2) CONTROLLED STUDIES
I t  is necessary, in order to  id e n tify  the causes o f any 
im provem ent in vo luntary contro l o f muscles during EMG biofeedback 
tra in ing, to  separate any placebo e ffe c t o f EMG biofeedback 
tra in ing  or the possib ility  o f spontaneous recovery from  a 
specific  tra in ing  e ffe c t resulting from  a contingent signal (Wolf,
1983). The inclusion o f a contro l group or condition in which 
m otivation , focus o f a tten tion  and expectation o f success were 
equivalent to th a t in the experim ental group or condition would 
enable the non-specific and specific  e ffec ts  of biofeedback 
tra in ing  to  be assessed. Two types o f experim ental design using a 
contro l could help to  determ ine i f  biofeedback tra in ing  was 
e ffe c tive  (Yates, 1980). The f ir s t  is an independent group design 
where subjects in the contro l and experim ental groups are e ithe r 
randomly assigned to these groups or are matched as closely as 
possible on po ten tia lly  confounding independent variables such as 
age, sex, duration o f illness and nature o f symptoms. Subjects 
could also be matched on the pre -test measures o f a dependent 
variable in order to counteract possible e ffec ts  o f regression 
towards the mean (Lord, 1963; Cronbach and Furby, 1970) (where 
those who scored high on the pre -test measures would be less 
like ly  to  improve th e ir scores than subjects who scored low on 
pre -test measures). The main problem o f im plem enting this 
experim ental design in a c lin ica l context is one of obtaining 
su ffic ie n t numbers o f subjects.
2k
The a lte rna tive , repeated measures design uses the 
subjects as th e ir  own controls. Subjects receive periods o f 
trea tm en t w ith  biofeedback tra in ing  a lte rna ting  w ith  periods o f 
tra in ing  in which the sole d iffe rence is the lack o f biofeedback 
in fo rm ation . This design helps to reduce the number o f subjects 
required and to  lessen the e ffec ts  o f high w ith in-group variance, 
such as reported by Brudny e t al. (1976). However, a repeated 
measures or cross-over design has its  own problems (reviewed by 
Yates, 1980). EMG levels may drop over a period o f a tra in ing  
session, pa rticu la rly  i f  a subject is rec lin ing and therefore  
relaxing. I f  experim ental and contro l conditions fo llow  each other 
in sequence during an EMG biofeedback tra in ing session then EMG 
levels in the second condition may be lower than expected because 
o f th is d r if t  e ffe c t. Furtherm ore, im provem ent of vo luntary 
con tro l o f muscles w ith  practice , w ithou t biofeedback tra in ing , 
m ight also result in be tte r contro l being found in the second 
condition than the f irs t.  Therefore, as a minimum precaution, the 
order in which the biofeedback and contro l conditions are 
presented w ith in  a group should be counterbalanced to  reduce d r if t  
and order (practice) e ffec ts . However, i t  is also like ly  tha t 
learning tha t occurred during biofeedback tra in ing  could transfe r 
to  the contro l condition. Therapeutically such generalisation over 
tim e  is very desirable but i t  could obscure the changes resu lting 
from  the biofeedback tra in ing  when the improvements in vo luntary 
contro l o f muscles between contro l and experim enta l conditions
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were compared. The problem o f carry-over is less easily dealt w ith  
and is like ly  to result in enhanced performance in the 
no-biofeedback tr ia ls  which fo llow  biofeedback tr ia ls  unless very 
b rie f periods o f tra in ing  are used (Lee e t al., 1976).
One o f the f ir s t  contro lled studies was reported by 
Basmajian e t al. (1975). The experim ental subjects were reported 
as showing tw ice  the im provem ent o f th a t shown by the contro l 
group but the d ifferences between the groups were not tested 
s ta tis tica lly . I t  is therefore  not possible to  draw any 
conclusions from  the study as presented. However, i t  w ill be 
reviewed in some deta il despite the lack o f s ta tis tica l analysis, 
because i t  has o ften  been c ited as the f ir s t  contro lled 
investigation to  show tha t EMG biofeedback trea tm en t was e ffe c tive  
(Inglis e t a l., 1976; Baker e t al., 1977 and Pickard, 1979). I t  
also illus tra tes  fu rthe r shortcomings in experim ental design.
Basmajian e t al. (1975) adopted an independent group 
design. Twenty adult hem iplegic patients, ten male and ten fem ale, 
aged th ir ty  to  s ix ty  three years were selected. A ll had suffered a 
CVA a t least three months p rio r to selection and were described as 
suffering from  residual foo t dorsifiexion paresis and m inimum 
passive dorsifiexion. They could a ll walk, w ith  or w ithou t a cane 
or leg brace and did not su ffe r from  receptive aphasia. However, 
as in the case studies reviewed previously, details o f the nature 
and outcome o f previous treatm ents was not provided. The patients 
were randomly assigned to  one o f two groups. One group (the
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contro l) received fo rty  m inutes o f therapeutic exercises and the 
other (the experim ental group) received tw enty m inutes of 
therapeutic exercise and tw enty minutes EMG biofeedback tra in ing . 
The inclusion o f both exercise therapy and biofeedback fo r the 
experim ental group meant tha t any e ffe c ts  o f EMG biofeedback 
tra in ing  could not be isolated. Another flaw  in experim ental 
design was th a t the two groups were not matched on tim e elapsed 
a fte r CVA. The mean tim e  elapsed in the contro l group was U4 
months and th a t in the experim ental group was 22.5 months (Fish e t 
al., 1976).
A ll therapeutic exercises were conducted by the same 
therapist and both groups received three tra in ing  sessions per 
week over a f ive  week period. This therapist apparently also 
evaluated the patients a t the beginning and end o f tra in ing  and 
four to  sixteen weeks a fte r com pletion o f tra in ing . Reasons fo r 
the varia tion  in the tim e o f fo llow -up re-testing were not given. 
Patients were assessed on the strength o f dorsifiexion, active  ROM 
and gait. They were instructed to dorsiflex the foo t as fa r as 
possible and strength o f dorsifiexion was measured using a spring 
dynamometer. Five, five  second readings were made, interspersed by 
th irty-second rest periods, and the dorsifiexion was measured in 
kilograms. Three measurements o f active  ROM were carried out using 
a goniometer and the greatest of the three recorded in degrees.
G ait was evaluated on a five  point ra ting scale ranging from  no 
dorsifiexion while walking, through trace, poor, fa ir , good and
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normal. The c r ite r ia  fo r evaluating ga it were described but 
subjective judgements were s t i l l  required. The fa c t th a t these 
assessments were apparently made by the therapist involved in 
trea ting  the patients means tha t an unconscious bias in evaluation 
towards the EMG biofeedback trea tm en t was possible. Only blind 
assessment by another therapist would rule out such a possib ility.
The precise details o f the trea tm en t received by the 
contro l and experim ental groups were unclear. The therapeutic 
exercises were reported as focussing on fa c ilita tin g  dorsifiexion 
through standard ga it tra in ing  but the nature o f th is  tra in ing  was 
not described. The tib ia lis  anterio ris  was described as the muscle 
selected as the source o f the biofeedback signal, but the tra in ing  
procedure used was also not reported in fu ll.  Reference was made 
to  a paper by Kukulka and Basmajian (1975) fo r details. This paper 
described the provision of auditory and visual biofeedback to  
normal subjects from  th e ir r ig h t abductor hallucis muscles. Needle 
electrodes were inserted in to  the belly of the muscle, the signal 
was re c tifie d , in tegrated and presented a lte rna te ly  as aud itory 
and visual biofeedback. Subjects were instructed to a tte m p t to 
abduct the ir big toe and binary biofeedback was given once 
in tegrated EMG levels reached a selected threshold. Subjects were 
required to m aintain the biofeedback signal fo r a m inimum of tw o 
seconds. The threshold was then increased and the procedure 
repeated progressively un til a threshold level was reached where 
the subject could no longer m aintain the biofeedback signal fo r
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more than two seconds. This threshold level was then used as the 
in it ia l level fo r  the s ta rt of biofeedback tra in ing. Subjects 
during tra in ing  were then required to m aintain the biofeedback 
signal fo r a t least tw o seconds each tim e  the threshold was was 
increased by one unit. On fa ilu re  to  do so the threshold was 
decreased 'by two or three units and repetitions perform ed'. The 
c r ite r ia  used fo r a lte ring  threshold levels were therefo re  unclear 
and details o f instructions were not reported. The amount o f 
tra in ing  received by each individual also appeared to be variab le 
as tra in ing  sessions were term inated when a threshold leve l was 
reached where subjects were unable to m aintain the biofeedback 
signal fo r more than two seconds on three or four tr ia ls . I t  is 
therefo re  possible th a t experim enta l patients in the Basmajian e t 
al. (1975) study also received d iffe re n t amounts o f biofeedback 
tra in ing .
A d iffe rence in trea tm en t between the experim ental and 
contro l groups arose from  the fa c t tha t biofeedback trea tm en t 
involved sequences o f testing, tra in ing  and resting, although the 
number o f repetitions o f these sequences were not c learly  
described. A c tive  ROM was measured a t the beginning and end o f 
each tra in ing  period w ith  a goniometer. I t  appears th a t in  the 
contro l group active  ROM was not measured throughout the period o f 
exercise therapy. Therefore the two groups o f patients did not 
receive equivalent trea tm ent.
Both contro l and experim ental groups were reported as
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showing increase in ROM and strength o f dorsifiexion a fte r 
tra in ing . The experim ental subjects who received both exercise 
therapy and EMG biofeedback tra in ing  were described as achieving 
'approxim ately tw ice ' the increase on both measures o f those 
achieved by the contro l subjects who only received exercise 
therapy. Individual results were tabulated but no s ta tis tica l 
analysis was carried out. Individual changes in  ga it were also 
tabulated and commented on w ithou t fu rth e r analysis or s ta tis tica l 
trea tm ent.
I t  is therefore  not possible to  draw any conclusions from  
the study as presented because apart from  the lack o f s ta tis tica l 
analysis, the study was marred by other facto rs  summarised here. 
The two groups were not matched on fac to rs  such as tim e elapsed 
a fte r CVA. The e ffe c ts  o f exercise therapy and biofeedback therapy 
could not be separated. Subjective evaluation o f dependent 
variables was caried out by the therap ist who conducted the 
trea tm en t ra ther than being carried out blind by an independent 
therapist. Descriptions o f the trea tm en t protocol were unclear and 
imprecise, but i t  seemed th a t the experiences o f the two groups 
were not equivalent, apart from  the presence or absence of 
biofeedback trea tm en t: the to ta l amount o f biofeedback tra in ing  
could have varied between experim enta l patients.
Takebe e t al. (1976) reported the results o f a second set 
of measurements made on the same patients before and a fte r  the 
tra in ing  described above. Peroneal nerve conduction ve loc ity , skin
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tem perature (as a measure o f blood flow ), lower lim b circum ference 
and la tency and am plitude o f the pa te lla r tendon re flex  were 
compared between the a ffec ted  and unaffected limbs p rio r to  and 
a fte r trea tm ent. I t  was expected tha t the functiona l improvements 
previously reported in the group th a t received a m ixture  o f EMG 
biofeedback tra in ing  and exercise therapy would be re flec ted  in 
these second group o f measures. The results were analysed 
s ta tis tica lly  but no s ign ifican t d ifferences between the trea ted 
and untreated limbs were reported in e ither group. Takebe e t al. 
(1976) suggested tha t e ither the tra in ing  period was too short fo r 
the other changes to  develop although i t  was adequate fo r 
functiona l gains to take place or th a t the two sets o f measures 
were not neccessarily linked. However, as the results o f the f ir s t  
study (Basmajian e t al. 1975) were not analysed s ta tis tica lly , i t  
is also possible th a t the functiona l gains reported fo r the 
experim ental group were not s ta tis tic a lly  s ign ificant.
Fish e t al. (1976) analysed the orig ina l data 
s ta tis tica lly  and showed tha t only the differences in strength 
reached significance. The differences they id en tified  between the 
tw o groups in tim e elapsed a fte r CVA were also im portan t because 
Basmajian e t al. (1975) reported a trend towards patients w ith  the 
shortest tim e a fte r CVA showing the greatest recovery. Burnside e t 
al. (1982) la te r pointed out th a t Phillips (1979) had re-analysed 
the results using analysis of covariance to  pa rtia l out the 
duration of tim e a fte r CVA and fa iled  to show even a s ign ifican t
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increase in strength. Muscle strength was also the only 
subjectively rated measure. Consequently, the d ifferences between 
the experim ental and contro l groups reported by Basmajian e t al. 
(1975) were as like ly  to  be a function o f differences in  tim e  
elapsed a fte r CVA or unconcious bias in subjective evaluations as 
a result o f the e ffec ts  o f EMG biofeedback trea tm ent.
Burnside e t al. ('82) also c ritic ised  the work o f 
Basmajian e t al. ('75). They described the study as seriously 
flawed in its  experim ental design and ins ign ifican t in its  
results. However, they were prompted to a ttem pt a more rigorous 
investigation in to  the e fficacy  o f EMG biofeedback in 
neuromuscular rehab ilita tion . They started from  the assumption 
tha t, given equivalent tim e  and resources, conventional therapy 
would achieve s im ila r results to  EMG biofeedback tra in ing  but 
w ithou t the use of expensive equipment. They selected a b rie f 
period o f trea tm ent which was carried out by a research assistant 
ra ther than a tra ined therapist, conditions which they described 
as unlike ly to  'favour EMG biofeedback'.
An independent group design was adopted in which the 
contro l group received exercise tra in ing  and the experim ental 
group received biofeedback tra in ing . Twenty two e lderly stroke 
patients, who were residents in an old people's home and suffered 
from  footdrop, were selected using the same c r ite r ia  as those 
reported in the study o f Basmajian e t al. ('75). Patients were 
divided in to  two matched groups on the basis of age, sex, duration
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of problem, side a ffec ted  and in it ia l strength ra ting o f the 
tib ia lis  anterio r at the s ta rt o f the study. The strength ratings 
were based on the Medical Research Council's five  point scale.
This system o f ra ting  involves manual testing and subjective 
evaluations o f muscle strength. Burnside e t al. ('82) reported 
th a t the ra ting  scale had been frequently  c ritic ised , however, 
disabled patients in th e ir sample were unable to use the spring 
dynamometer designed by Basmajian e t al. ('75) to  measure muscle 
strength and therefore the subjective scale was adopted. A c tive  
ROM was measured using a goniometer and the patients were 
videorecorded while walking and assessed on the same five  point 
ra ting  scale as th a t used by Basmajian e t al. 075). Both con tro l 
and experim ental groups received two fifte e n  m inute tra in ing  
session per week over a six week period. Re-assessments o f the 
dependent variables were made a t the end o f the six week 
experim ental period and also in a fo llow -up session six weeks 
la te r. The assessment and reassessment were carried out blind by a 
tra ined therapist, who was also involved in precrib ing the 
tra in ing  programmes fo r the con tro l and experim ental groups by 
iden tify ing  on which muscles to  focus the exercises. Matching o f 
groups and blind assessment meant th a t two major c r itic ism s o f the 
Basmajian e t al. (1975) study were m et in th is investigation. The 
e ffec ts  o f biofeedback tra in ing  were also apparently not combined 
w ith  e ffe c ts  o f exercise tra in ing  in the experim ental group.
However, fu ll details o f the tra in ing  programmes
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prescribed fo r each group were not given as they were ta ilo red  to 
meet the needs o f pa rticu la r patients. Exercises and biofeedback 
tra in ing  were both described as concentrating on reducing any 
spastic ity  in the gastrocnemius, increasing ROM by developing the 
t ib ia lis  anterio r and correction  of fo o t inversion was a ttem pted 
by strengthening the peroneus longus. G ait tra in ing  was given to  
both groups as patients progressed but the details o f th is 
tra in ing  and the c r ite r ia  fo r s ta rting  i t  were not described.
Patients were also encouraged to  p ractice  walking a t tim es between 
the tra in ing  sessions by s ta ff o f the home. One d iffe rence in 
experience received by the two groups commented on by the authors 
was th a t the biofeedback trained subjects were more lik e ly  to 
p ractice  walking a t home than the con tro l subjects.
Details of the biofeedback tra in ing  were also incom plete.
No in fo rm ation  about the EMG biofeedback, other than i t  was an 
ALEPH One Myophone, was provided. Both auditory and visual 
biofeedback were apparently available but which m odality  o f 
biofeedback signal was used was not reported and details o f the 
tra in ing  schedule were not given. However, an ou tline description 
o f the in it ia l in troduction to biofeedback tra in ing was included.
The operation of the equipment was f ir s t  explained to the 
experim ental group by attaching electrodes to the non-a ffected 
lim b and demonstrating the re lationship between fo o t movement and 
the biofeedback signal. I t  was reported tha t most patients 
understood what was required o f them. Where patients did not
34
understand, because o f receptive aphasia, a second biofeedback 
machine was attached to  the research assistant's own leg and the 
pa tien t was then encouraged to  copy the movement o f the 
assistant's leg and the note the biofeedback signal. No patient 
was reported as having fa iled to understand the second 
demonstration. Two biofeedback machines were used to  tre a t 
spastic ity  in the  gastrocnemius. One was connected to  tha t muscle 
and the other to the tib ia lis  an terio r. Patients were instructed 
to increase the output o f the tib ia lis  anterio r using visual 
biofeedback from  a m eter while keeping the a c tiv ity  of the 
gastrocnemius muscle low by m onitoring an auditory signal from  the 
second machine. Apparently a ll patients understood th is procedure. 
Members o f the contro l group were also connected to  Aleph One 
Myophones. They were to ld  tha t a c tiv ity  o f th e ir muscles was being 
recorded. Non-contingent biofeedback was not given to  these 
subjects as the authors fe lt  tha t its  use was unethical because i t  
m ight worsen the condition o f the patients.
Although the tra in ing  programmes of the experim enta l and 
contro l groups were broadly s im ila r, lack o f deta il about 
individual tra in ing  programmes, lack o f deta ils about instructions 
and lack o f in fo rm ation  about the amount o f ga it tra in ing  
received, meant tha t the precise degree o f s im ila r ity  between the 
experiences o f the contro l and the experim ental groups could not 
be ascertained.
Fisher's exact p robability  tes t was used to  compare the
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numbers o f subjects who showed increase, no change or decrease on 
each o f the three dependent variables. The authors described 
param etric s ta tis tica l tests as inappropriate to th e ir study 
because of the small group size, high between-groups variance and 
the use o f ra ting scales on two out o f the three measures. They 
stated tha t they were most in terested in changes in functiona l 
status and there fo re  in the number o f subjects showing change 
ra ther than in the size o f change. A fte r  tra in ing, nine out o f the 
eleven experim ental subjects showed increased strength o f 
dorsifiexion compared w ith  tw o out o f eleven in the con tro l group. 
This d iffe rence was very s ign ifican t and was maintained a t 
fo llow -up, although two more of the contro l group had improved 
over th is period and the significance level was reduced. Both 
groups showed improved range of movement a fte r the tra in ing  and 
differences between them were not s ign ifican t. However, a t 
fo llow -up the d iffe rence between the two groups was s ign ifican t 
because only two o f the eleven contro l subjects maintained th e ir 
improvements compared w ith  seven o f the experim ental group. A 
s im ilia r pattern  emerged fo r the change in ga it ratings. No 
s ign ifican t differences were reported between the tw o groups a t 
the end o f tra in ing  but at fo llow -up the experim enta l group 
m aintained th e ir im provem ent while the contro l group had 
regressed. This resulted in s ign ifican t between-group d ifferences 
being reported.
The differences between the tw o groups a t fo llow -up
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described in th is study indicated th a t a re la tive ly  b rie f period 
of biofeedback trea tm ent plus ga it tra in ing  was more e ffe c tive  
than exercises and ga it tra in ing  in reducing fo o t drop during 
walking and increasing strength and range o f movement. However, 
the size of changes reported were small and comparison o f the 
experim ental and contro l groups on each o f the three measures a t 
fo llow -up by th is author using the Mann Whitney U tes t showed th a t 
the differences between the two groups in active ROM were 
ins ign ificant. The results were there fo re  less impressive when 
analysed in th is way than described by Burnside e t al. (1982). As 
in the study by Basmajian e t al (1975), the s ign ifican t d ifferences 
between the contro l and experim ental groups were only seen fo r the 
subjectively rated measures. However, the tra in ing  period was 
b r ie f and the authors suggested th a t greater gains m ight be 
expected w ith  the use o f longer tra in ing  administered by 
experienced therapists.
This study was much be tte r designed than th a t o f Basmajian 
e t al (1975). The tim e elapsed a fte r CVA was contro lled fo r and 
therefore  spontaneous recovery was unlike ly to be an explanation 
fo r the differences. The fa c t th a t the s ign ifican t changes only 
occurred in the subjectively rated measures was also unlike ly to  
be im portan t because the therapist assessed the subjects blind. 
However, despite the fa c t th a t the experim ental group did 
s ign ifican tly  be tte r than the contro l group on two out o f the 
three measures, i t  is s t il l not possible to conclude th a t EMG
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biofeedback was spec ifica lly  e ffe c tive .
F irs tly , i t  is not possible to  isolate the e ffe c ts  o f the 
EMG biofeedback tra in ing  from  the e ffe c ts  o f the ga it tra in ing . 
Secondly, the use o f an inexperienced experim enter to adm in ister 
the conventional therapy could have resulted in the contro l 
subjects doing less w e ll than i f  they had been trea ted by an 
experienced therapist. This fa c to r could have exaggerated the 
advantages o f EMG biofeedback trea tm ent as an inexperienced 
experim enter would also have been able to use the biofeedback 
in fo rm ation  in making decisions about the pattern  o f the 
trea tm ent. The s ign ifican t e ffe c ts  could have been lost had an 
experienced therapist been used fo r both treatm ents. Th ird ly, the 
biofeedback tra in ing  was compared w ith  physical therapy ra ther 
than an appropriate contro l condition and therefore  the m otiva ting  
e ffe c t o f using complex equipment could not be e lim inated,
The m otivating e ffe c t o f EMG biofeedback tra in ing  may have 
pa rticu la rly  a ffec ted  the patients chosen by Burnside e t al 
(1982). The patients from  an old people's home m ight have suffered 
from  boredom and fe lt  th a t they had been re jected by the m edical 
profession. The authors reported tha t 'several' of the patients 
had been to ld  tha t no fu rth e r im provem ent in th e ir condition would 
take place. They therefore suggested tha t the evidence o f muscle 
a c tiv ity  provided by the biofeedback signal m ight have been 
su ffic ien t to  s tim ula te  patients to try  hard during tra in ing  in 
the renewed expectation o f im provement. This possib ility  is also
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supported by the fa c t th a t Burnside e t al.(1982) reported tha t 
the ir biofeedback tra ined patients were more easily m otivated to 
carry out the the prescribed exercises than the contro l patients, 
pa rticu la rly  when the research assistant was not present. The 
biofeedback group m ight therefo re  have practiced more on th e ir own 
and th is  could have accounted fo r th e ir be tte r performance.
Further evidence tha t m otivation was low in it ia lly  was provided by 
Burnside (1982) who reported tha t, as the six weeks o f tra in ing  
progressed, the patients became much more active outside the b rie f 
tra in ing  periods. S ta ff in the home stated th a t the patients 
became more live ly  and adventurous, even venturing outside the 
home fo r walks to  post le tte rs . However, no d is tinc tion  was made 
in th is anecdote between the contro l and experim ental patients.
Burnside e t al. (1982) also reported tha t no s ta tis tic a lly  
s ign ifican t relationships between the tim e  elapsed a fte r  CVA and 
any o f the three measures could be discovered. This resu lt is 
contrary to the findings o f Basmajian e t al. (1975) who suggested 
a trend towards greatest im provem ent in patients who had most 
recently suffered a CVA. Burnside e t al. (1982) fu rth e r reported 
tha t, when the contro l and experim ental groups were combined and 
then sub-divided on the basis o f median age, s ign ifican tly  more 
patients above median age achieved improvements in strength 
ratings than patients below median age. The authors ind icated tha t 
the ir results emphasised the im portance o f using a matched con tro l 
group, as even where patients were old, ( f i f t y  percent were over
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seventy two years o f age,) and had suffered a stroke on average 
five  years p rio r to  trea tm en t some im provem ent was possible 
w ithou t the use o f biofeedback. Reasons why Basmajian e t al.
(1975) showed th a t tim e  elapsed a fte r CVA was im portan t and 
Burnside e t al. (1982) did not, while only Burnside e t al. (1982)
reported a s ign ifican t re lationship between greater age and
im provem ent in strength ratings are not clear. I t  is possible tha t 
the findings o f Burnside e t al. (1982) also resulted from  the fa c t 
th a t they used patients from  an old people's home. The m otiva ting  
e ffe c t o f renewed a tten tion  together w ith  the m otiva ting  e ffe c t of 
evidence o f muscle a c t iv ity  could have been greatest in the older 
subjects who m ight have been residents in the home fo r the longest 
periods.
In summary, th is study suggests tha t EMG biofeedback 
tra in ing  was more e ffe c tive  than exercise therapy adm inistered by 
an untrained therapist in increasing voluntary contro l of muscles 
in th is pa rticu la r group o f patients from  an old people's home. 
However, i t  does not help to  separate the placebo and specific  
e ffe c ts  of biofeedback tra in ing.
A repeated measures experim ental design has been used as 
an a lte rna tive  to  an independent group design in a number o f 
c lin ica l studies. (Finley e t al., 1976, 1977; Lee e t al., 1976;
Mroceck e t a l., 1978; Middaugh and M ille r, 1980). The reasons fo r
choosing th is  design were not stated. However, the maximum number 
o f subjects studied in any o f the longterm  investigations was nine
(Mroceck e t al., 1978). Lee e t al. (1976) used eighteen subjects 
but th e ir study only lasted fo r three days. Therefore the 
d if f ic u lty  o f find ing su ffic ien t patients to  run a long, 
independent group investigation could have been a m ajor fa c to r 
in fluencing the choice o f a repeated measures design.
One of the f ir s t  studies to adopt the repeated measures 
design was th a t o f Finley e t al. (1977). This study was based on a 
previous m u ltip le  case study (Finley e t al., 1976). which w ill be 
described b r ie fly  because i t  provides an example o f a m u ltip le  
case study in which the dependent variables did not re ly  on 
subjectively evaluated, imprecise ra ting  scales and in which the 
individual results were analysed s ta tis tica lly . Six cerebral 
palsied patients aged fourteen to  th ir ty  one years o f age who 
suffered from  m ild to severe athetosis were selected fo r EMG 
biofeedback tra in ing . The fron ta lis  muscles were chosen as the 
site fo r tra in ing  because previously, EEG records in a severely 
atheto id cerebral-palsied patient were noted to  be masked by high 
am plitude fron ta lis  EMG a c tiv ity  which was reduced to less than 
tw enty m icrovo lts peak to peak a fte r EMG biofeedback tra in ing  
sessions. A reduction o f fron ta lis  EMG a c tiv ity  to  th is  level 
allowed EMG-free recording o f the patient's  EEG a c tiv ity . The 
patien t's  parents also reported th a t th e ir  son was more relaxed a t 
home, he was easier to  feed and he was ta lk ing  more c learly . This 
prompted the authors to evaluate the e ffe c t o f fro n ta lis  EMG 
biofeedback tra in ing  on reduction o f EMG am plitude in the
fron ta lis  muscles o f the six athetoid patients and to  assess the 
e ffe c t o f any reduction o f fron ta lis  EMG a c tiv ity  on speech and 
m otor function.
The design involved a pre-tra in ing  evaluation period (Ai), 
a tra in ing  period during which subjects received two, f i f t y  m inute 
tra in ing  sessions per week over six weeks (B) fo llowed by a 
post-tra in ing evaluation period (A ii) (sometimes called an A B A 
design). The patients ' speech, m otor functions and EMG levels were 
assessed in the pre and post-tra in ing periods. Speech evaluation 
included the tim e taken to carry  out ac tiv itie s  such as phonation 
contro l, syllable in it ia tio n  and breath support. The tim e taken to 
perform  a range of m otor functions was also measured. Mean, 
in tegrated EMG levels per minutes were recorded in the six 
patients a fte r a five  m inute baseline, adaptation period in which 
they acclim atised to the laboratory. Proportional, aud itory and 
visual biofeedback was provided during the EMG biofeedback 
tra in ing  period once a threshold was reached. A ud ito ry  biofeedback 
consisted o f a series o f clicks, the ra te  o f which varied 
proportionally to the in tegrated EMG am plitude while proportional 
visual biofeedback was also provided by the deflections o f a 
m icroampere m eter needle. The threshold level was indicated on the 
m eter by a red pointer and was altered during tra in ing  so th a t 
progressively greater reductions in fron ta lis  EMG levels were 
required to  turn  o ff  the clicks. Details o f the c r ite r ia  used fo r 
shaping the threshold were not provided. I t  was reported tha t
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patients were instructed to  try  to  slow the clicks down u n til they 
stopped and to  move the pointer on the m eter as near to  zero as 
possible. Patients were not instructed to  relax. Patients were 
described as being allowed up to  f i f t y  minutes access to 
biofeedback tra in ing  during each o f the twelve sessions. This 
suggests th a t not a ll patients utilised the fu ll f i f t y  m inutes and 
th a t therefo re  the amount o f tra in ing  each received was not 
neccessarily equal. Integrated EMG levels per m inute were also 
measured during five  m inute baseline periods before and a fte r 
tra in ing , presumably w ithou t biofeedback. Subjects were then 
re-evaluated on speech and m otor functions a t the end o f the the 
six week tra in ing  period. The occupational therapists who carried 
out the evaluation had no knowledge of the biofeedback tra in ing  
results.
Trend analysis of fro n ta l EMG a c tiv ity  levels acrosss the 
twelve tra in ing  sessions showed tha t negative corre la tion 
coe ffic ien ts  were highly s ign ifican t in four o f the six patients, 
ind icating an orderly reduction in fro n ta l EMG levels. In one 
subject the negative corre la tion was s ign ifican t and in one 
subject the negative corre la tion was ins ign ifican t. Improvements 
in speech and m otor functions were also analysed in d iv id ia lly . The 
proportion o f measures on which subjects had improved from  
pre-test(A i) to  post-test(A ii) were compared w ith  the expected 
proportion o f im provem ent using the binom ial test. The m ild  and 
moderately impaired patients improved s ign ifican tly  on a ll
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measures while the two severely im paired patients showed 
s ign ifican t gains on the m otor evaluations combined but not on the 
speech evaluations. Patients w ith  the least im pairm ent showed the 
best gains in speech. Despite the use o f s ta tis tica l techniques, 
th is  study was s t i l l  a m u ltip le  case study, o f im portance 
therapeutica lly , but not useful in providing a basis fo r 
generalisation to  a larger population or in determ ining why the 
changes had occurred. The authors postulated th a t the gains were 
like ly  to have resulted from  the biofeedback tra in ing  because a ll 
patients had been trea ted a t a children's medical centre over a 
long period and had not improved previously. However, the authors 
also suggested th a t a contro l condition should be included in the 
design o f fu rth e r investigations because the reported im provements 
could have resulted from  m atu ra tiona l changes occurring 
co incidenta lly w ith  the tra in ing .
In a second study F inley e t al. (1977) reported the use o f 
fron ta lis  EMG biofeedback fo r tra in ing  re laxation o f the fro n ta lis  
muscles w ith  four spastic cerebral palsied children aged six to  
ten years. Dependent measures were assessed as in the previous 
experim ent and biofeedback tra in ing  also fo llowed a s im ila r 
pattern . The investigation d iffe red  from  the previous experim ent 
in tha t six week periods o f biofeedback tra in ing  were a lterna ted 
w ith  six weeks w ithou t any therapy in an A B A B design. Patients 
were evaluated on speech, m otor functions and in tegra ted fro n ta lis  
EMG levels p rio r to fron ta lis  EMG biofeedback tra in ing  (A i). They
received two th ir ty  m inute tra in ing  sessions per week fo r  six 
weeks a t the end o f which performance was re-evaluated w ithou t 
biofeedback (Bi) A fte r  a fu rth e r six week period w ithou t therapy 
re-evaluation occured again (A ii). Patients then received a fin a l 
four weeks o f EMG biofeedback tra in ing  as before fo llowed by a 
fu rth e r speech and m otor evaluation period (Bii). The period 
w ithou t tra in ing  has been called a w a itin g -lis t contro l cond ition 
(Hatch 1982). The most im portan t procedural d iffe rence between 
th is  study and Finley e t al. .(1976) was tha t the children also 
received rewards on a behaviour m od ifica tion  schedule. The 
children had previously purchased a range o f toys and on turn ing 
o ff  the c licks fo r one m inute they then received e ithe r a small 
toy or a token th a t could be used to re trieve  a la rger toy. This 
schedule o f re in forcem ent was described as essential by F in ley e t 
al. (1977) in order to  m otiva te  the children. However, its  
inclusion meant th a t i t  was not possible to isolate the e ffe c ts  o f 
the EMG biofeedback tra in ing  from  the e ffe c ts  o f the re in fo rcem ent 
programme.
Trend analysis showed tha t in tegra ted EMG levels dropped 
very s ign ifican tly  over the f ir s t  therapy period when compared 
w ith  the pre-tra in ing levels. EMG levels then reverted in the 
evaluation period w ithou t biofeedback to  the p re -tra in ing  levels. 
R e-in troduction o f biofeedback in the next four week period 
resulted in a second, s ign ifican t reduction in in tegrated EMG 
levels. A s im ilar pa tte rn  of im provem ent during tra in ing  and
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deterio ra tion when biofeedback was removed was reported fo r speech 
and m otor measures. This reversal o f gains on te rm ination  o f 
tra in ing  indicated th a t the gains were due to some aspect o f the 
therapy its e lf ra ther than a m aturational or spontaneous change. 
Gains were not masked by transfer o f skills  learned w ith  
biofeedback to  the period when biofeedback tra in ing  stopped. The 
carry-over o f skills  learned during EMG biofeedback tra in ing  to  
the periods w ithou t tra in ing  is obviously desirable i f  the therapy 
is to be e ffe c tiv e  in producing an im provem ent in the day-to-day 
qua lity  o f l i fe  o f the patients and the authors suggested tha t 
booster EMG biofeedback tra in ing  sessions m ight help to m ainta in 
gains. EMG biofeedback tra in ing  together w ith  behaviour 
m od ifica tion  were described by the authors as showing promise as 
an additional trea tm ent m odality fo r the hab ilita tion  of 
cerebral-palsied children.
This study does not, however, provide conclusive evidence 
about the e fficacy  o f EMG biofeedback tra in ing  or its  mode of 
operation. In the weeks w ithou t biofeedback tra in ing  the ch ildren 
received no additional therapy and therefore  presumably also 
received less a tten tion  than during the therapy period. It  is 
therefo re  possible tha t the improvements recorded during the 
tra in ing  sessions resulted from  the m otiva ting  e ffe c t o f the 
greater a tten tion  tha t the children received in these weeks than 
in the weeks w ithou t biofeedback tra in ing . The reported 
improvements could also have resulted from  the add itional
incentives provided ra ther than from  the biofeedback tra in ing  per 
se.
Mroceck e t al. (1978) and Lee e t al. (1976) both used a 
repeated measures design and contrary to F inley e t al. (1977) 
reported tha t EMG biofeedback was no more e ffe c tive  than 
a lte rna tive  trea tm ents in increasing voluntary con tro l o f muscles.
Mroceck e t al. (1978) assessed the use o f EMG biofeedback 
in the trea tm en t of nine patients who suffered from  hemiparesis of 
the upper ex tre m ity  as a result o f a CVA. The patients ranged in 
age from  f i f t y  to  seventy five  years and varied not only in the 
duration o f th e ir CVA (from  one to  ten years), but also in the 
side o f cerebral damage (7 righ t:2  le ft) .  Which muscle was tra ined 
and whether increased contraction or re laxation was demanded also 
d iffe red  between patients. They were assigned randomly to  two 
groups, apart from  the two patients w ith  le f t  hemiparesis who were 
d istributed one to  each group. Both groups received three tra in ing  
sessions per week fo r four weeks from  the same therap ist. The 
f ir s t  group received EMG biofeedback tra in ing  and the other 
received what the authors described as conventional physical 
therapy. During a second four week period the a lte rna tive  
trea tm ent was given. This cross-over design was presumably adopted 
in  order to  counteract order e ffec ts .
The dependent variables were measured during a 
pre-tra in ing  baseline period, a t the end o f each four week 
tra in ing  period and a t the end o f sessions four, seven, ten and
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twelve during each o f the four week blocks. A c tive  ROM was 
measured w ith  a goniometer and the maximum EMG response was 
measured during five  flexions and extensions o f the w ris t. The 
same measures were also made as patients attem pted to  repeat these 
actions as rapid ly and as fo rc ib ly  as possible, although the 
tim ing  o f the repetitions was not described. The precise scoring 
o f the m axim um 'EM G  response was also not reported.
The physical therapy tra in ing  procedures were described a t 
length. I t  was not possible however, to id e n tify  the exact 
procedures adopted fo r each individual because the tra in ing  
programme was determined by the therapist and d iffe red  between 
individuals and w ith in  sessions. The biofeedback tra in ing  
programme was apparently much less variable between individuals 
and w ith in  sessions. An in tegrated EMG signal was used to  provide 
proportional visual biofeedback via an oscilloscope screen in the 
form  of a dot which rose and fe ll w ith  contraction  or re laxa tion 
o f the ta rge t muscle. Additional proportional auditory biofeedback 
was provided as a tone tha t increased or decreased in volume w ith  
contraction or re laxation o f the ta rge t muscle. Both normal and 
affected  limbs were monitored. Patients were asked to ca rry  out 
the required movement w ith  th e ir normal lim b and note the visual 
and auditory biofeedback. Having understood the re lationship 
between the biofeedback signal and contraction and re laxa tion of 
the unaffected muscle patients were were then instructed to  
a ttem pt the same movement w ith  the a ffec ted  lim b. They were
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prompted to try  to make the dot go higher (or lower) and the sound 
louder (or softer). They were to ld  tha t the way to do th is  was to 
try  and con trac t (or relax) the muscle as much as possible. They 
were instructed to rest between attem pts but length o f rest 
periods was apparently le f t  to  the patients to decide. The 
therapist was only present during the f ir s t  explanatory 
biofeedback session a fte r which patients were le f t  to  tra in  alone 
fo r th ir ty  minutes, apart from  occaisonal v is its  from  the 
therapist to  m onitor performance or to  co rrec t movements.
Therefore, although the authors stated tha t the 
experim ental setting was contro lled as r ig id ly  as possible, i t  
would seem on closer inspection o f th e ir method th a t the amount o f 
a tten tion  subjects received from  the therap ist was very d iffe re n t 
in the tw o conditions. The authors reported tha t during physical 
therapy the patients were in constant contact w ith  the therap ist 
who was described as giving regular verbal encouragement, 
explanation, correction, d irection o f a tten tion  and coaching. In 
contrast, the patients received only occaisonal a tten tion  from  the 
therapist during the EMG biofeedback tra in ing  sessions. The 
a tten tion  o f the therapist was presumably im portan t in m o tiva ting  
the patients to  work hard and in focussing a tten tion  on the 
correc t responses. During biofeedback tra in ing  patients would have 
had to  depend on the ir own level o f m otiva tion  and th e ir  own 
assessent o f the co rrec t response. The aim of the physical therapy 
was to im prove functiona l lim b movement, whereas the biofeedback
tra in ing  concentrated on a lte ring  EMG a c tiv ity  levels in a given 
muscle which need not autom atica lly  result in increased range o f 
movement (Wolf, 1983). A fu rthe r problem w ith  the experim ental 
design in th is investigation was th a t mean increases in EMG 
a c tiv ity  were measured as one o f the dependent variables, despite 
the fa c t tha t a t least one subject was tra ined to reduce a c tiv ity !
The s ta tis tica l tests used in comparing results were not 
described. However, the authors reported no s ign ifican t 
d ifferences between the e ffe c ts  o f the two tra in ing  conditions on 
e ither o f the dependent measures when the results from  the two 
groups who received the tra in ing  in a d iffe re n t order were 
combined. S ignificant improvements during tra in ing  were reported 
fo r both conditions. However, the lack o f s ign ifican t d ifferences 
between conditions only indicates th a t EMG biofeedback adm inisterd 
w ith  l i t t le  a tten tion  from  a therapist was no more e ffe c tiv e  than 
the physical therapy trea tm en t w ith  the constant a tten tion  o f a 
therapist. The investigation does not help to  determ ine whether or 
not the EMG biofeedback tra in ing  was specifica lly  e ffe c tive  
(although the lack o f d iffe rence between conditions m ight ind ica te  
tha t the EMG biofeedback trea tm en t was surprisingly e ffe c tiv e  
given the lack o f a tten tion  from  the therapist!) I t  is also 
possible tha t the lack of s ign ifican t differences between the two 
types o f tra in ing  were due in part to order e ffec ts . Skills 
learned during biofeedback tra in ing  or the physical therapy 
tra in ing  could have transferred to the other condition. The
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authors analysed the e ffe c t o f the order in which biofeedback 
trea tm en t was given and described the performance o f the group 
tha t received biofeedback trea tm en t f ir s t  as be tte r than th a t o f 
the group th a t received physical therapy f irs t.  However,these 
differences were not assessed s ta tis tica lly . They were also 
questionable because baseline measures d iffe red  between the two 
groups. This was not unexpected because just nine, very d iffe re n t 
patients were randomly allocated to  two groups.
Therefore, although the authors reported tha t EMG 
biofeedback tra in ing  was no more e ffe c tive  than physical therapy 
in increasing range of movement and level o f EMG a c tiv ity  in the 
ta rge t muscles o f the nine patients they studied, the ir 
conclusions must be questioned. The investigation was again flawed 
in experim ental design and add itiona lly the results m ight have 
been a ffected  by carry-over, a problem unique to  repeated measures 
designs. Therefore the effectiveness o f EMG biofeedback tra in ing  
and its  mode o f operation s t i l l  need fu rth e r investigation before 
EMG biofeedback tra in ing  can be dismissed as in e ffe c tive .
Lee e t al. (1976) stated th a t they adopted a repeated 
measures design because o f the large individual differences 
between stroke patients. Their study d iffe red  from  the studies 
reviewed so fa r because they used a contro l condition th a t 
attem pted to  isolate the specific  e ffec ts  o f biofeedback from  
placebo e ffe c ts  ra ther than comparing EMG biofeedback trea tm en t 
w ith  some conventional trea tm en t (Burnside e t al., 1982; M roceck
51
e t al., 1978). Eighteen hem iplegic patients aged th ir ty  one to 
seventy nine years o f age were selected fo r tra in ing  who had 
suffered a CVA anything from  six weeks to seven years p rio r to 
selection. No doubt the d ifferences in duration o f cerebral 
lesions m ight have accounted fo r some o f the individual va ria tion  
mentioned by the authors. E ight patients had righ t hem iplegia and 
ten had le f t  hemiplegia. They a ll suffered from  reduced strength 
in the delto id muscle and could fo llow  verbal instructions.
The dependent variable measured was the mean am plitude of 
the in tegrated EMG signal maintained fo r a period o f one second 
during each o f tw enty, f ive  second attem pted contractions o f the 
delto id  muscle. Patients received three d iffe re n t tra in ing  
conditions on consecutive days. EMG biofeedback tra in ing  (called 
myofeedback by the authors) was the experim ental cond ition and the 
two contro l conditions were a false biofeedback EMG tra in ing  
session and a session in which no biofeedback was received but 
patients were given conventional physical therapy. The order in 
which patients received the three types o f tra in ing  was 
counterbalanced across the eighteen subjects.
During EMG biofeedback tra in ing  surface electrodes were 
f ir s t  placed over the non-involved delto id muscle in order to 
demonstrate the auditory and visual biofeedback signals. The 
visual signal consisted o f a row o f fiv e  ligh ts  th a t illum ina ted  
as strength o f contractions of the delto id increased. D e ta ils  o f 
the auditory signal were not given and in fa c t no fu rth e r deta ils
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of the EMG biofeedback tra in ing  were provided. In the false 
biofeedback condition EMG levels from  the delto id muscle o f the 
experim enter were fed to  the patient as i f  the biofeedback was 
derived from  th e ir own muscles. The experimenter contracted her 
muscle simultaneously w ith  the patient. The experim enter increased 
the strength o f contraction over the tra in ing  period so th a t 
progressively more lights were illum inated. No details o f the 
trad ition a l therapy tra in ing  were provided. Each period o f 
tra in ing  lasted fo r only five  minutes each day, during which 
subjects were required to  carry out tw en ty isom etric  contractions 
o f the delto id  muscle while resistance was maintained. The nature 
o f th is  resistance was not described. The authors reported th a t 
the extrem ely b rie f tra in ing  period was selected in order to  
reduce the possibility tha t patients m ight recognise th a t the 
false biofeedback was not contingent on the contraction o f th e ir  
own muscles. Apparently the subjects were like ly  to recognise the 
lack o f contingency i f  tra in ing  lasted fo r longer than six 
minutes.
The authors maintained tha t the study was designed to 
examine the specific  e ffec ts  o f EMG biofeedback tra in ing  because, 
i f  the in fo rm ationa l content o f the signal was not im portan t, the 
false biofeedback tra in ing  condition should have been equally as 
m otivating as the contingent biofeedback. The trad ition a l therapy 
tra in ing  should have contro lled fo r the e ffe c ts  o f renewed 
a tten tion  by therapists. However, the lack o f deta il about each o f
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the tra in ing  conditions makes i t  impossible to assess just how 
equivalent they were, apart from  presence or absence o f true  
biofeedback. Therefore i t  is not possible to evaluate the reasons 
fo r  the reported lack o f s ign ifican t differences between the 
tra in ing  conditions and the conclusions drawn by the authors, tha t 
each condition was equally e ffe c tive  in increasing the m otiva tion  
o f patients and the in fo rm ation  provided by the contingent EMG 
biofeedback signal was unim portant, cannot be accepted or 
re jected.
A part from  the lack o f de ta il provided about procedures 
and the possible lack o f equivalence between conditions, the 
studies o f Mroceck e t al. (1978) and Lee e t al. (1976) were also 
marred by a problem inherent in a repeated measures design. 
Cross-over may have obscured changes in the f ir s t  study whereas in  
the second the a tte m p t to  overcome the problem by reducing the 
length o f tra in ing  to just 100 seconds in each condition may 
its e lf have obscured potentia l d ifferences.
Middaugh and M ille r (1980) also adopted a repeated 
measures design. However, unlike the two previous studies, they 
reported tha t EMG biofeedback was e ffe c tive  in increasing EMG 
a c tiv ity  in a wide varie ty  o f pare tic  muscles during vo luntary 
contractions. Twelve patients were selected, six who had residual 
problems as a result o f brain damage and six who had suffered from  
peripheral nerve damage at least six months p rio r to  th is 
trea tm ent. Muscles trea ted in the six peripheral nerve damaged
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patients included w ris t flexors, biceps brachii, gastrocnemius, 
biceps fem oris and the quadratus la b ii in fe rio ris . In the six 
brain damaged patients the radia l w ris t extensors, biceps brach ii 
rectus fem oris, vastus medialis, tib ia lis  an te rio r and peroneus 
longeus were treated. One muscle was selected as suitable fo r 
tra in ing  in each patient. Three rig h t and three le f t  side muscles 
were chosen fo r each category o f pa tien t on the basis th a t 
patients were able to  just in it ia te  vo luntary contractions but did 
not have the fu ll range o f movement. A ll patients were reported as 
pa rtic ipa ting  in an exercise trea tm en t programme and were 
described as not undergoing rapid changes in the ir m otor status a t 
the tim e  o f selection. Further details o f the prio r h istories o f 
the patients were not provided. Mean EMG levels from  the chosen 
muscle were measured as the dependent variable. Changes in ac tive  
ROM were not tested. However, the study involved a to ta l o f just 
six m inutes o f tra in ing  w ith  EMG biofeedback and there fo re  
functiona l changes m ight not have been expected.
Patients partic ipa ted  in two sessions separated by a break 
o f three to  e ight days. In each session they a ttem pted tw e lve  
contractions, three w ith  EMG biofeedback (the experim enta l 
condition) a lte rna ting  w ith  three w ithou t biofeedback (the con tro l 
condition). They attem pted to  in it ia te  a contraction  in the chosen 
muscle and then attem pted to  increase th a t contraction over a 
th ir ty  second period which was fo llowed by a two m inute rest 
period. During EMG biofeedback tra in ing  surface electrodes were
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positioned over the belly o f the selected muscle. The in tegrated 
EMG signal was used as the basis fo r aud itory biofeedback which 
consisted o f a tone tha t varied in p itch . A threshold, below which 
no tone was heard, was determ ined fo r each individual in an 
evaluation session prio r to  the f ir s t  experim ental session but 
details o f how th is  was done were not provided. The re lationship 
between the EMG biofeedback signal and the muscle was also 
explained during th is evaluation session. Patients were in form ed 
th a t the biofeedback signal would provide precise in fo rm ation  
about the muscle contraction, th a t they should lis ten  to  the 
signal and use i t  to help them increase contraction. They were 
to ld  tha t during the tr ia ls  w ithou t biofeedback the tone would not 
be available but they should do th e ir best.
The mean EMG levels were averaged fo r each fiv e  second 
period o f a th ir ty  second contraction, fo r the f ir s t  and second 
sessions and fo r the to ta l tr ia ls  w ith  and w ithou t biofeedback.
Mean EMG levels m aintained in each t r ia l,  and fo r each type o f 
in jury and fo r individual patients were also computed. A complex, 
six fa c to r analysis o f variance was carried out w ith  repeated 
measures on the f ir s t  four o f the six factors.
A very s ign ifican t main e ffe c t due to biofeedback was reported. 
Mean voltage output was greater in the tr ia ls  w ith  biofeedback 
than in the tr ia ls  w ithout biofeedback. This main e ffe c t was 
apparently due to the s ign ifican t differences between the 
experim ental and the contro l conditions in the second session. No
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s ign ifican t d iffe rence between conditions was reported in the 
f ir s t  session. A s ign ifican t increase in EMG levels w ith in  the 
second session was also reported fo r the experimental condition 
but not in the contro l condition. The authors concluded th a t the ir 
findings o ffe red considerable support fo r a substantial, specific  
EMG biofeedback e ffe c t. They argued th a t the be tte r perform ance 
w ith  biofeedback than w ithout in the second session than the f ir s t  
session indicated a learned response th a t increased w ith  exposure 
to  the EMG biofeedback in form ation. However, they discussed the 
possib ility tha t, had they provided subjects w ith  non-contingent 
aud itory biofeedback, performance m ight also have improved as a 
result o f increased arousal levels or increased m otiva tion  o f 
patients. They dis: missed th is possib ility  on the grounds th a t any 
placebo e ffe c t o f the auditory signal would have been strongest a t 
the s ta rt o f tra in ing  when the novelty value o f the EMG 
biofeedback signal m ight have been greatest and have been most 
arousing or m otivating . The authors assumed tha t such an e ffe c t 
would be like ly  to decrease over tim e rather than increase as they 
reported. Even i f  th is explanation o f Middaugh and M ille r (1980) 
is accepted the findings cannot confidently  be a ttr ib u te d  to the 
presence of the EMG biofeedback signal. An a lte rna tive  explanation 
fo r the reported findings is s t i l l  possible. The instructions 
provided during the tr ia ls  w ithou t biofeedback were not described 
verbatim . However, as reported, they appeared to  suggest to  the 
patients tha t they were less like ly  to succeed in the tr ia ls
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w ithout biofeedback than the tr ia ls  w ith  biofeedback. Patients 
therefore  m ight have trie d  less hard in the tria ls  w ithou t 
biofeedback and the d iffe re n t expectations o f success in the two 
conditions could have been su ffic ien t to  produce the reported 
results.
Middaugh e t al. (1982) repeated the study described above 
on normal subjects. They investigated the role o f EMG biofeedback 
in im proving abduction o f the big toe in normal subjects who were 
unable to achieve no more than seven degrees o f active  ROM prio r 
to  tra in ing . EMG a c tiv ity  and active  ROM were measured as the 
dependent variables. An identica l pattern  o f tra in ing  to tha t 
described by Middaugh and M ille r (1980) was used. The only 
d iffe rence o f consequence was th a t subjects were encouraged to  use 
a ll available cues and to  do th e ir best on a ll tr ia ls . Therefore 
m otiva tion  was more like ly  to  equivalent in the experim ental and 
contro l conditions in  th is  second study. The reported findings 
were very s im ila r to  those reported by Middaugh and M ille r (1980). 
H ighly s ign ifican t biofeedback e ffec ts  were reported both w ith in  
and between sessions and the authors again concluded th a t the 
biofeedback tra in ing  was spec ifica lly  e ffe c tive  and dismissed the 
possible placebo e ffe c t o f the biofeedback tra in ing.
These two studies used a repeated measures design but did 
not su ffe r from  the problem o f learning w ith  biofeedback 
generalising to  the condition w ithou t biofeedback and obscuring 
biofeedback e ffects . The results are in the same d irec tion  as
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those reported by Burnside e t al. (1982). Each study indicated 
th a t EMG biofeedback tra in ing  m ight be e ffe c tive  in increasing 
vo luntary con tro l o f pare tic  muscles. However, despite the 
contentions o f the authors, they did not provide any evidence th a t 
made i t  possible to  id e n tify  i f  the in fo rm ation  provided by the 
contingent signal was v ita l or i f  the placebo e ffe c t o f the 
tra in ing  was most im portant. Furtherm ore, the study o f Middaugh 
and M ille r (1980) on paretic  patients was a short te rm  one, 
functiona l gains were not assessed and as the authors stated, 
fu rth e r investigation is s t il l needed to  decide i f  c lin ica lly  
re levant gains can be atta ined w ith  longer tra in ing  periods.
A ll the c lin ica l studies reviewed so fa r  seem to  have 
suffered from  the d if f ic u lty  o f find ing a su ffic ie n t number of 
patients o f s im ila r age, w ith  the same diagnosis and the same tim e  
elapsed a fte r onset o f the ir problem. The fa c t th a t adequate 
contro l conditions were only u tilised by Lee e t al. (1976) in 
th e ir short term  study m ight have resulted from  sentiments s im ila r 
to those expressed by Burnside et. al. (1982), th a t the use o f 
non-contingent biofeedback w ith  a contro l group was unethical. In 
the m a jo rity  o f studies the so-called contro l condition involved 
an a lte rna tive  trea tm ent procedure which made i t  d if f ic u lt  to 
evaluate the contribu tion  o f EMG biofeedback to  the outcome o f the 
investigation. The use o f non-c lin ica l subjects obviously reduces 
the d iff ic u ltie s  o f find ing su ffic ie n t subjects and perm its a much 
greater degree o f standardisation. I t  also removes the pa rticu la r
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eth ica l constraints tha t operate when dealing w ith  patients and 
makes possible the use o f contro l conditions which could not be 
used w ith  patients.
However, the use o f normal subjects also has drawbacks. A 
task must be iden tified  which presents normal subjects w ith  
problems in gaining contro l equivalent to  those th a t c lin ica l 
subjects must face during attem pted rehab ilita tion  o f pare tic  
muscles. Middaugh (1978) suggested tha t attem pts to increase the 
degree o f abduction o f the big toe using EMG biofeedback from  the 
abductor hallucis could present subjects w ith  problems th a t are 
essentially s im ilia r to  those th a t patients in rehab ilita tion  
programmes must grapple w ith . This muscle acts p rim a rily  as a 
flexo r-s tab ilise r o f the f ir s t  metatarsophalangeal jo in t but is 
also capable o f abducting the big toe although many individuals 
have poor contro l over th is a c tiv ity . Middaugh (1978) f ir s t  used 
th is muscle in an independent group design w ith  fo r ty  subjects 
allocated randomly to  four separate groups. This investigation 
w ill only be described b rie fly , despite the use of separate 
con tro l groups, because i t  ye t again was flawed in experim enta l 
design. A c tive  ROM and EMG levels from  the abductor hallucis 
maintained during a one m inute contraction  were measured p rio r to 
tra in ing . Subjects were included in the study who already had 
contro l o f the abductor hallucis. The four groups were there fo re  
unlike ly to  have been equivalent on pre-test measures because 
subjects were randomly allocated to  each o f the four groups.
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Three groups received a fo r ty  m inute tra in ing  session 
while the fou rth  was asked to w a it fo r fo rty  m inutes. The f ir s t  
group received visual and auditory biofeedback derived from  the 
abductor hallucis muscle. The second and th ird  groups a ttem pted to 
abduct the abductor hallucis muscle w ithou t biofeedback. The 
second group was helped by the experim enter while the th ird  group 
worked unassisted. The fou rth  group was simply asked to w a it fo r  
fo r ty  minutes. U nfortunate ly, although changes not re la ted to  
a ttem pted abduction o f the big toe together w ith  changes resulting 
from  practice  and a tten tion  from  a therapist were contro lled  fo r, 
the placebo and specific  e ffe c ts  o f EMG biofeedback tra in ing  could 
not be assessed because a non-contingent biofeedback group was not 
included.
Post-test assessment o f active  ROM and EMG scores were 
made on a ll four groups a t the end o f tra in ing  a fte r a f iv e  m inute 
rest period and pre and post-test scores were then compared w ith in  
groups ra ther than between groups. Groups two to  four were 
reported as showing a s ign ifican t increase in active ROM while the 
increase in the biofeedback group was ins ign ifican t although th is 
was the only group to  show s ign ifican t increases in  in tegra ted EMG 
levels. EMG biofeedback was therefo re  e ffe c tive  in increasing EMG 
a c tiv ity  but apparently not e ffe c tiv e  in increasing active  ROM. 
Middaugh (1978) then examined the im portance o f leve l o f con tro l 
of abduction prio r to  the s ta rt o f tra in ing , by re-analysing the 
active  ROM results. Each group o f ten was sp lit in ha lf on the
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basis o f th e ir pretest scores. The five  subjects in the 
biofeedback group who demonstrated the greatest p re -tes t range of 
movement were shown to  decrease active ROM as a result o f the 
tra in ing  whereas the five  subjects least able to abduct th e ir big 
toe showed s ign ifican t increases in active ROM. Both halves o f the 
unassisted contro l group who practised toe abduction over the 
tw enty minutes of tra in ing  also showed s ign ifican t increases in 
active  ROM. These results suggest th a t the level o f competence in 
a task p rio r to  tra in ing  m ight be an im portan t fac to r. They 
confirm  suggestions made by Mroczeck e t al. (1978) tha t 
biofeedback could be most benefic ia l where competence p rio r to 
tra in ing  was m inim al and th a t biofeedback tra in ing  m ight otherw ise 
be counterproductive because p ractice  alone was more e ffe c tive  
than EMG biofeedback tra in ing  in the subjects who already had some 
contro l.
Therefore, EMG biofeedback tra in ing  was not shown to  be 
specifica lly  e ffe c tive  and i t  was not even shown to result in 
clear functiona l gains. The lack o f between-group post-test 
analyses also makes the drawing o f conclusion about the e ffica cy  
o f EMG biofeedback unadvisable. Further investigations w ith  norm al 
subjects should therefore use a non-contingent contro l and groups 
should e ither be matched on pre-test measures or la rger sample 
sizes should be used.
The findings o f Middaugh (1978) and Middaugh and M ille r 
(1980), which indicated tha t increases in in tegrated EMG a c t iv ity
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as a result o f biofeedback tra in ing  were not neccessarily 
accompanied by functiona l gains, were contradicted in a c lin ica l 
study by Inglis e t al. (1984). EMG biofeedback plus physical 
therapy was compared w ith  physical therapy alone in the trea tm ent 
o f the upper lim b in th ir ty  hem iplegic patients who were randomly 
assigned to one o f the tw o trea tm en t conditions. The study was 
long-term . Twenty, one hour tra in ing  sessions were given to  each 
group a fte r which the physical therapy only group then received an 
additional tw enty sessions o f physical therapy plus EMG biofeedack 
tra in ing . Details o f the tra in ing  programmes were not provided and 
the dependent variables measured were not fu lly  described. Muscle 
strength was measured on the Oxford Scale (a manual testing 
technique). A c tive  ROM was measured w ith  p ro trac to r goniom etry and 
recovery was also evaluated on a six point scale th a t ranged from  
no movement to  normal movement. Integrated EMG a c tiv ity  levels 
were not reported. The two groups were reported as not d iffe r in g  
s ign ifican tly  on any o f the pre-test measures. Nor were 
s ign ifican t between-group differences in muscle strength or active  
ROM reported a fte r the tw enty trea tm en t sessions. However, only 
the biofeedback group was described as im proving s ig n ifica n tly  on 
the stages o f recovery. A long tra in ing  period and the com bination 
of physical therapy and EMG biofeedback tra in ing  m ight account fo r 
the d iffe rence between these results and those of Middaugh and 
M ille r (1980).
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1.2 (3) TRANSFER OF SKILLS LEARNED WITH BIOFEEDBACK TO 
SITUATIONS WITHOUT BIOFEEDBACK
The question o f whether or not skills  learned w ith  
biofeedback can eventually be perform ed successfully w ithou t 
biofeedback is a v ita l one. I f  biofeedback is to be used in 
therapy, skills  learned w ith  biofeedback must be transfered to  the 
no-biofeedback condition w ith in  the laboratory or c lin ica l se tting 
(ie. generalised over tim e) and also be carried over to every-day 
conditions. Theoretical predictions about the like lihood of 
generalisation over tim e as a result o f biofeedback tra in ing  are 
unclear and complex, partly  because o f the lack' o f a c learly  
a rticu la ted  model w ith in  the general fram ework o f m otor skills  
acquisition. As Newell (1981) stated, i t  is d if f ic u lt  to  discern 
the prevailing theore tica l v iewpoint fo r transfer or sk ill 
generalisation.
Findings of investigations tha t reported the degree of 
carry-over to  the no-biofeedback condition have been equivocal. Of 
the studies reviewed in th is chapter, Burnside et al. (1982) 
reported tha t s ign ifican t gains made w ith  EMG biofeedback tra in ing  
were maintained a t fo llow -up testing six weeks a fte r te rm ina tion  
o f tra in ing . On the other hand, Finley e t al. (1977) reported a 
reversal o f gains made during biofeedback tra in ing  when the 
biofeedback was removed. Anecdotal reports from  case studies and 
poorly designed investigations ind icate a trend towards 
maintenance o f improvement a t fo llow -up testing. Wooldridge and
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Russell (1976) reported th a t the three patients who showed good 
im provem ent w ith  EMG biofeedback maintained i t  up to  four months 
la te r. Cataldo e t al. (1978) reported tha t two out o f three o f the 
subjects they tested showed some carry-over to tr ia ls  w ithou t 
biofeedback. Wolf e t al. (1980) carried out a re trospective study 
one year a fte r trea tm en t finished on th ir ty  four stroke patients.
A t the end o f the trea tm en t subjects had been categorised as 
having gained com plete independent function (success) or having 
achieved an increase in strength and reduction in spastic ity  but 
w ith  lim ite d  function  (moderate results) or as showing no 
functiona l change (fa ilure). One year la te r, a t fo llow -up 
assessements, the categorisations of the th ir ty  two patients were 
almost unchanged. For example, o f fourteen patients in the success 
category fo r lower lim b trea tm ent, th irteen  s t il l had com plete 
independent function one year la te r.
The studies of Burnside e t al. (1982) and W olf e t al.
(1980) therefo re  provide some evidence to  suggest th a t gains made 
during EMG biofeedback trea tm en t m ight be maintained. The 
discrepancies between the findings o f Burnside e t al. (1982) and 
Finley e t al. (1977) could be accounted fo r in a number o f ways.
For instance, Burnside e t al. (1982) trea ted e lderly stroke 
patients while F inley e t al. (1977) worked w ith  cerebral-palsied 
children. It  is possible tha t the variable which was most 
im portan t in determ ining whether or not succesful transfe r o f 
biofeedback tra in ing  took place, was whether or not changes th a t
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occurred were benefic ia l outside the laboratory or c lin ic . If 
gains increased m ob ility , as was described fo r the patients of 
Burnside e t al. (1982), then sk ills  would continue to  be practised 
when tra in ing  stopped. The gains made w ith  EMG biofeedback 
reported in the study o f F inley e t al. (1977), although 
encouraging, m ight not have resulted in a su ffic ien t change in the 
patients ' lives to  promote continued practice  outside tra in ing  
sessions. Finley e t al. (1977) suggested tha t booster tra in ing  
periods m ight be neccessary to  m aintain gains.
I t  is also possible tha t subjects m ight need to  be tra ined 
to  carry  out a pa rticu la r task w ithou t biofeedback i f  there was no 
im m ediate reward o f improved qua lity  o f life  to act as a 
re in forcem ent. Schmidt (1982) suggested tha t i t  m ight be 
neccessary to  tra in  subjects to abstract the im portan t cues needed 
to  build up rules about actions and develop a schema. I t  is 
in teresting tha t Craig and C leary (1982) reported successful 
trea tm en t and carry-over in a group o f three young male 
s tu tterers, aged ten to  fourteen years. EMG biofeedback was used 
to  re lax the levator and superior orb icu laris oris muscles. The ir 
study involved a number of design characteris tics th a t could have 
promoted generalisation over tim e, both in the c lin ic  setting and 
in the boys' everyday lives. F irs tly , the learning tasks were 
divided in to  a number o f d iscrete phases, such as learning to 
reduce EMG levels a t rest, learning to  reduce EMG levels w hile  
speaking, learning to reduce EMG levels while speaking in the
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c lin ic  w ithou t biofeedback and fin a lly  learning to reduce EMG 
levels while speaking outside the c lin ic . Each phase required the 
subjects to  achieve specified c r ite r ia  before progressing to  the 
next phase. In the f ir s t  tw o phases subjects had to be able to 
reduce EMG a c tiv ity  levels to  below four m icrovo lts w ith in  two 
seconds o f instruction  before moving on to  the next stage. Reasons 
fo r choosing th is EMG level were not given. In the stages th a t 
involved speaking, subjects also had to  achieve ninety five  
percent speaking fluency before a ttem pting  the next phase of 
tra in ing . I f  a reversal o f fluency occurred subjects were 
transfered back to the previous task u n til the c rite rion  was 
achieved again. Subjects a ll received a trea tm ent period w ithou t 
biofeedback a t the end o f the sessions w ith  biofeedback while they 
were learning to reduce EMG a c tiv ity  levels while speaking.
The study also included a maintenance programme which 
lasted fo r one month a fte r tra in ing  finished. Subjects were 
encouraged to  p ractice  the skills  learned in trea tm en t fo r f iv e  
minutes per day a t home, where they were asked to  keep a d iary to  
record the occurrence and context o f any s tu tte ring  episodes. They 
rewarded themselves fo r days free  o f s tu tte ring . This maintenance 
programme was designed to encourage use o f the skills  learned 
during the trea tm ent on a day-to-day basis.
The percentage of syllables s tu tte red  were compared in 
each subject during baseline measures and as a result o f 
in tervention o f trea tm ent using the Split Middle Method of Trend
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Estim ation. A ll three subjects showed s ign ifican t im provements in 
both reading and speaking fluency as a result o f the EMG tra in ing  
programme. Conversation fluency was also reported as continuing to 
improve in the maintenance period although results were not 
reported s ta tis tica lly . The authors concluded tha t biofeedback 
techniques may need to be used in conjunction w ith  maintenance 
techniques to  be an e ffe c tive  trea tm en t package. I t  is possible 
tha t the lack o f carry-over o f skills learned w ith  EMG biofeedback 
to situations w ith  no biofeedback in the study o f F inley e t al.
(1977) resulted from  the fa c t tha t the patients were not tra ined 
in sessions th a t were aimed specifica lly  a t th is  ob jective.
Further evidence fo r the need to  combine the laboratory 
biofeedback tra in ing  w ith  some specific  carry-over tra in ing  is 
provided by a case study o f Catanese and Sandford (1984) who 
worked w ith  four cerebral-palsied patients to improve head 
position. The biofeedback device was a helm et f it te d  w ith  m ercury 
switches tha t triggered a tone when the head t ilte d  more than a 
pre-set angle. The patients were therefore  reminded to a tte m p t to  
hold the ir heads v e rtica lly  when wearing the helmet. The four 
patients received ten days o f biofeedback tra in ing  a fte r ten 
baseline observations sessions. Two then received a fu rth e r ten 
days biofeedback tra in ing  while the other two subjects were given 
ten days o f what the authors described as social re in fo rcem ent 
during which they were encouraged and rewarded fo r a ll noted 
evidence o f im provem ent in head position. The f ir s t  tw o subjects
68
showed a reversal o f gains in a fin a l four week fo llow  up period 
but the subjects who had been re inforced in good head contro l 
outside the tra in ing  sessions maintained the ir im provem ent.
The size o f sample in both o f these studies was small, in 
the second changes were not analysed s ta tis tica lly  and neither of 
them included a con tro l group which only received social 
re in forcem ent or maintenance programmes. I t  was there fo re  not 
possible to  rule out the fa c t tha t e ither social re in fo rcem ent or 
maintenance alone m ight have been e ffe c tive . However there is 
su ffic ien t evidence to  ind icate the need fo r fu rth e r investigation 
in to  the value o f specific  tra in ing  aimed a t prom oting 
generalisation over tim e. Such tra in ing  m ight be pa rticu la rly  
valuable in a c lin ica l context i f  the im provem ent th a t results 
from  tra in ing  is not im m ediate ly useful in the patients ' everyday 
lives. Both strategies need to be tested in ca re fu lly  contro lled  
experiments, perhaps w ith  normal subjects.
1.2 (4) SUMMARY
The results o f the studies reviewed in this section are 
inconclusive in the main. The findings o f Middaugh and M ille r
(1980), Middaugh e t al. (1982) and Burnside e t al. (1982) ind ica te  
tha t EMG biofeedback m ight be more e ffe c tive  than m otiva ting  
instructions or exercise therapy in increasing vo luntary con tro l 
o f muscles. However, the precise mode o f action o f EMG biofeedback 
needs fu rth e r investigation. I t  was not possible to  draw 
conclusions from  the m a jo rity  o f the studies because of three main
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flaws in experim ental design. The f ir s t  was the lack o f clear 
descriptions o f trea tm en t schedules, instrum entation, trea tm en t 
prior to  the experiment, shaping c r ite r ia , the nature o f the 
conventional therapy and the nature o f any home trea tm en t 
programme. The lack o f clear descriptions in these areas meant 
tha t i t  was often not possible to  ascertain i f  the experim ental 
and contro l groups or conditions received identica l experiences 
apart from  the presence or absence of EMG biofeedback tra in ing ; 
evaluation o f the precise role o f the biofeedback trea tm en t in 
bringing about reported improvements was therefore not possible.
The second was the design o f the studies, and most im po rtan tly , 
the lack o f adequate controls which meant tha t i t  was usually not 
possible w ith  any confidence to  a ttr ib u te  any changes to  the EMG 
biofeedback per se. Even in the three contro lled studies (Middaugh 
and M ille r, 1980; Burnside e t al., 1982; and Middaugh e t a l.,
1982) the placebo and specific  e ffec ts  o f the EMG biofeedback 
could not be d iffe ren tia ted . The th ird  flaw  was th a t i t  was not 
always possible to  ascertain whether subjective evaluation of 
function before and a fte r trea tm en t was carried out by the same 
ind iv id ia l who trained the subjects. An unconscious bias towards 
the EMG biofeedback trea tm ent could have occurred and double blind 
assessments should be considered essential when subjective 
evaluations take place. I t  was also not always posssible to 
determ ine i f  the same therapist trea ted the experim enta l and 
contro l subjects. D iffe re n t therapists m ight have m otivated
70
subjects d iffe re n tia lly  and so masked or exagerated changes due to 
the EMG biofeedback trea tm ent.
Lack o f functiona l measurements and long-term , fo llow -up 
assessments were also a pa rticu la r problem where the value o f EMG 
biofeedback as a form  o f therapy in rehab ilita tion  programmes was 
the main concern. I t  was o ften not possible to decide i f  increases 
in EMG a c tiv ity  levels resulted in functiona l improvements which 
were maintained a fte r tra in ing  ceased.
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CHAPTER 1 -  SECTION 3
THE EFFECTIVENESS OF EMG BIOFEEDBACK IN REDUCING 
RESTING TONE IN THE FRONTALIS MUSCLES.
1.3 (1) The fron ta lis  muscles and th e ir use in re laxation
studies: reasons fo r the ir selection.
1.3 (2) Experimental design problems in fron ta lis  EMG
biofeedback studies.
1.3 (3) Retention o f skills learned during tra in ing  when
EMG biofeedback is w ithdrawn.
1.3 (4) Summary.
1.3 (1) THE FRONTALIS MUSCLES AND THEIR USE IN RELAXATION 
STUDIES: REASONS FOR THEIR SELECTION.
The role o f EMG biofeedback in rehab ilita tion  has been the 
main focus o f th is chapter so fa r. The other main area in which 
EMG biofeedback has been used in a ttem pts to  increase voluntary 
contro l o f muscles has been th a t o f a ttem pting  to reduce resting 
tone in the fron ta lis  muscles. Once again the investigations are 
characterised by defects o f experim ental design s im ila r to  those 
summarised a t the end o f the previous section. However, even more 
problem atic is the apparent lack o f ra tiona le fo r the choice o f 
the fron ta lis  muscles as the preferred site fo r EMG biofeedback 
tra in ing  aimed a t producing somatic and cognitive re laxa tion.
Shirley e t al. (1982) suggested tha t reasons fo r choosing the 
fron ta lis  muscles were based on an early c la im  by Budzynski and 
Stoyva (1969), th a t reductions in levels o f fron ta lis  EMG a c t iv ity  
would result in reduction o f resting tone in other muscles 
together w ith  reductions in autonomic and cognitive arousal.
Subsequent investigations have fa iled to  provide clear 
evidence to  support assumptions about associated reduction o f 
resting tone in other muscle groups groups (Glaus and Kotses,
1979; Fridlund e t al., 1980; Le Boeuf, 1980a; Carlson e t al.,
1983). Furthermore, reduction o f resting tone in the  fron ta lis  
muscles has been shown to be unrelated to  other physiological 
parameters such as heartra te, skin tem perature and skin 
conductiv ity  levels which are associated w ith  a decrease in level
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of arousal (McGowan e t al., 1979; Sagberg, 1979; Jones and Evans, 
1981; DeGood and Redgate, 1982; Shirley e t al., 1982; and Banner 
and Meadows, 1983). However, reduction in fron ta lis  EMG resting 
tone has been shown to  be associated w ith  reduction in systo lic 
and d iasto lic blood pressure (McGrady e t al., 1981; Cohen and 
Sedlaceck, 1983; Erbeck e t al., 1983 and Lustman and Sowa, 1983), 
monoamine oxidase levels (K ra lick  e t al., 1983) and plasma 
aldosterone and urinary cortiso l levels (McGrady e t al., 1981).
The m a jo rity  o f studies have also fa iled  to  report any 
relationship between reductions in fron ta lis  EMG resting tone and 
a d im inution o f subjective feelings o f anxiety (Le Boeuf, 1980b;
Le Boeuf and Lodge, 1980; Shirley e t a l., 1982: Bannner and 
Meadows, 1983; Cohen and Sedlaceck, 1983 and Lustman and Sowa,
1983) although a few reported the contrary (H iebert and 
Fitzsimmons, 1981; and K ra lick  e t al., 1983). I t  would seem th a t 
the in flu e n tia l cla im s of Budzynski and Stoyva (1969) have not ye t 
been substantiated and tha t therefo re  the choice o f the fro n ta lis  
muscles as the preferred site fo r tra in ing  aimed a t producing 
somatic and cognitive re laxation m ight have been ill-advised.
Surw it and Keefe (1978) and Yates (1980) indicated th a t a 
fu rth e r reason fo r choosing the fron ta lis  muscles could be th a t 
they are considered d if f ic u lt  to  relax and tha t, unlike most 
voluntary skeletal muscles, they rare ly reach e le c tr ica l silence 
a t rest. However, evidence fo r  or against th is  suggestion is 
slight. Stilson e t al. (1980) reported tha t the fro n ta lis  muscles
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had a higher degree e f resting tone than the forearm  flexo r. They 
speculated tha t the fron ta lis  muscles m ight be d iffe re n tly  
contro lled to the forearm  fle xo r because of th e ir ro le in the 
expression o f emotions. Balshan (1962) reported tha t i t  was only 
in females tha t the fron ta lis  muscles showed a higher level o f 
resting tone than the lim b musculature. She stated th a t in  males 
and children the fron ta lis  resting levels were no d iffe re n t from  
the levels in other muscles.
High levels o f EMG a c t iv ity  recorded from  the fro n ta lis  
muscles a t rest could result from  the fa c t th a t surface electrodes 
provide an unspecific pick-up o f a c t iv ity  from  other fac ia l 
muscles (V it t i and Basmajian, 1976). Alexander e t al. (1975) 
maintained tha t surface electrodes placed over the fro n ta lis  
muscles may pick up EMG a c tiv ity  from  the procerus and corrugator 
and orbicu laris oculi muscles while V it t i  and Basmajian (1976) 
warned tha t the masseter and tem poralis muscles could con tribu te  
to  EMG a c tiv ity  levels recorded from  the forehead w ith  surface 
electrodes. Surw it and Keefe (1978) suggested tha t surface 
electrodes positioned in a line on the forehead would m onitor EMG 
a c tiv ity  from  the entire  fac ia l musculature. Furthermore,
Williamson e t al. (1980) reported tha t the use of the standard, 
horizonta l surface electrode placement across the forehead 
(Lippold 1967) resulted in a less selective pickup than a v e rtic a l 
placement o f electrodes. W illiamson e t al. (1980) went on to  
recommend tha t the horizonta l electrode position should there fo re
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be selected fo r re laxation tra in ing, im plying tha t a generalised 
pick-up was valuable in such a situation. The te rm  'fro n ta lis  
muscles' w ill therefo re  be used in th is study as a co lle c tive  te rm  
to  include a ll the fa c ia l musculature tha t m ight con tribu te  to  the 
signal picked up by surface electrodes placed in the standard 
horizonta l configuration on the forehead.
1.3 (2) EXPERIMENTAL DESIGN PROBLEMS IN FRONTALIS 
EMG BIOFEEDBACK STUDIES.
Despite the lack o f a sound basis fo r the use o f the 
fron ta lis  muscles in re laxation tra in ing, they have been used in a 
large number o f c lin ica l and non-c lin ica l EMG investigations which 
w ill be reviewed in order to  evaluate the effectiveness o f EMG 
biofeedback in reducing resting tone in the fron ta lis  muscles.
(The relationship between reduction in resting tone and reduction 
in cognitive and somatic arousal and comparisons o f EMG 
biofeedback w ith  other form s of therapy such as progressive 
re laxation w ill not be dealt w ith .) As usual, the main problem 
id en tified  has been tha t o f providing an appropriate con tro l group 
(Blanchard, 1979; Katkin  and Goldband, 1979; Davis, 1980; Yates,
1980; Carlson and Feld, 1981; Thompson e t al., 1981; K if fe r  e t
al., 1981; Qualls and Sheehan, 1981a; Frank, 1982; Goldberg e t
al., 1982; Hatch, 1982; H illenberg and Collins, 1982; Hatch e t
al., 1983; Pollard and Katkin , 1984). Hatch (1982) suggested th a t
the problem was so serious tha t any c la im  tha t EMG biofeedback was
e ffe c tiv e  in prom oting re laxation should be questioned. He
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classified contro l groups as no-trea tm ent (or w a iting -lis t) 
groups, a tten tion  placebo groups, non-contingent or false 
biofeedback groups and altered contingency groups.
The least s tringent type o f contro l iden tified  by Hatch 
(1982) was the no-trea tm ent or w a iting  lis t  contro l group, 
employed mainly in c lin ica l research, where patients were called 
fo r in it ia l m onitoring and then received no trea tm ent but were 
re-tested a t the end o f the investigation (Chen, 1981; Mcgrady e t 
al., 1981; Shirley e t al., 1982; Large and Lamb, 1983; Banner and 
Meadows, 1983; Lustman and Sowa, 1983). The amount o f con tact the 
contro l group had w ith  the experimenters in the above studies 
varied. For example, Chen (1981) pre-tested and post-tested a 
no-trea tm ent contro l group but apparently had no other contact 
w ith  them while the contro l group o f Shirley e t al. (1982) had 
contact w ith  the experim enter equivalent to  tha t o f the 
experim ental group in four sessions o f tra in ing . Although Chen
(1981) reported tha t the experim ental groups a ll exhibited 
s ign ifican tly  lower in tegrated EMG levels in the fro n ta lis  muscle 
than the contro l group, th is study w ill not be described more 
fu lly  because the contro l group only e lim inated the possib ilities 
tha t the results were due to spontaneous or m aturational changes 
occurring during the period o f the investigation. I t  did not 
contro l fo r the e ffec ts  o f regular m onitoring or a tten tion  by the 
therapist. Such m onitoring and a tten tion  could have produced the 
reported changes both by being m otiva ting  and also by crea ting  in
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the subjects the expectation o f succeeding. These fac to rs  were 
p a rtia lly  e lim inated by Shirley e t al. (1982) who also reported 
tha t the experim ental groups achieved s ign ifican tly  lower EMG 
levels than the contro l group. However, i t  seemed tha t the contro l 
subjects were not instructed to try  and relax, just to  s it 
qu ie tly . Therefore the differences between the groups could have 
resulted from  d iffe re n t levels of m otiva tion  rather than presence 
or absence of EMG biofeedback tra in ing.
Not a ll studies tha t employed a no-trea tm ent group have 
shown s ign ifican t biofeedback e ffec ts . For example, Banner and 
Meadows (1983) used a no-trea tm ent contro l group to  compare the 
effectiveness o f biofeedback and autogenic tra in ing  on measures of 
re laxation. S ixty three subjects were recru ited who experienced 
feelings o f tension tha t they wanted to reduce. They were assigned 
randomly to  one o f six groups which varied in size from  nine to 
twelve subjects. One group received auditory and visual EMG 
biofeedback from  the fron ta lis  muscles. The second group were 
given auditory and visual biofeedback about the skin tem perature 
levels o f th e ir le f t  index fingers. The th ird  group received both 
fron ta lis  and finger tem perature biofeedback. The fou rth  were 
given autogenic tra in ing. A f i f th  group, described by the authors 
as a placebo co n tro lg ro u p , listened to a tape o f so ft, soothing 
music. The sixth no-trea tm ent contro l group were m onitored in the 
same way as the other five  groups but received no trea tm en t u n til 
a fte r the fo llow -up assessment was completed. Subjects in a ll
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trea tm en t conditions except fo r the w a iting  lis t  contro l group 
were instructed to  a tte m p t to  relax, to  decrease resting tone in 
th e ir fron ta lis  muscles and to  increase finger tem perature.
Details about the nature o f the biofeedback display and 
the autogenic tra in ing  procedure were not provided. Subjects were 
assessed a t pre-test on a S ta te -T ra it Anxie ty Inventory, the Fear 
o f Negative Evaluation Scale, the Social Avoidance and Distress 
Scale and a questionnaire designed by the authors. Fronta lis  
muscle EMG a c tiv ity  levels and le f t  index finger tem perature were 
also m onitored over a th ir ty  m inute period w ithou t biofeedback.
Three investigators conducted six, one hour tra in ing  sessions and 
pre and post-test evaluation periods. They were assigned subjects 
randomly across the trea tm ents and therefore  the experim enters 
carried out a ll procedures. The authors reported th a t biofeedback 
was no more e ffe c tive  than sim ply w a iting  fo r trea tm en t in 
reducing mean EMG levels. None of the groups showed s ign ifican t 
changes in EMG levels e ither w ith in  or between sessions. No 
explanation was given by the authors fo r the lack o f biofeedback 
e ffe c t. However, the subjects in a ll except the no-trea tm ent 
contro l group had to a ttem pt to  m odify fron ta lis  EMG levels, 
finger tem perature and feelings o f re laxation simultaneously and 
i t  is possible tha t th is task was so d if f ic u lt  tha t they were not 
able to  m odify any one o f the variables successfully.
An a lte rna tive  method has been to  use a no-trea tm en t group 
or condition in which subjects were also given instructions to
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relax as fu lly  as possible (Hatch, 1982). This contro l condition 
was called m otivated self re laxation (Alexander e t al. 1977) and 
has been used by McGowan e t al. (1979), Jones and Evans (1981), Le 
Boeuf (1980a)(1980b), Hamburger and Lohr (1981), H iebert and 
Fitzsimmons (1981), Carlson e t al. (1983), Gaudette e t al. (1983), 
and Schandler and Dana (1983). U n fortunate ly lack o f de ta il and 
c la r ity  in many o f the reports makes evaluation o f the findings 
d if f ic u lt .  However, the findings in the clearest reported studies 
using th is  contro l measure are s t il l con trad ic to ry .
Schandler and Dana (1983) selected fo r ty  five  subjects who 
were c lin ica lly  tense w ith  heightened but not pathological anxiety 
levels. Subjects were assigned randomly to one o f three groups. 
During tra in ing  sessions the f ir s t  experim ental group received 
continuous auditory fron ta lis  EMG biofeedback, the tone o f which 
they were instructed to  reduce. They were also given simple 
re laxation strategies such as closing eyes and adopting a relaxed 
posture. The second experim ental group listened to tapes th a t 
tra ined them to  relax using guided imagery and the th ird , con tro l 
group were given m otiva ting  instructions to  relax and also 
listened to  tapes o f quiet, symphonic music. Full deta ils o f 
instructions to the three groups were not provided.
A ll subjects received three experim ental tra in ing  
sessions, one per week over three consecutive weeks. Each session 
Consisted o f a five  m inute period o f adaptation to the laboratory 
conditions and a five  m inute baseline period. This was fo llow ed by
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a tw enty five  m inute trea tm en t session and a fu rth e r ten m inute 
baseline period subsequent to a series o f questions about feelings 
o f re laxation. The dependent variables measured in a ll three 
groups were mean fron ta lis  EMG levels per m inute, heartra te  in 
beats per m inute and anxiety scores derived from  the A nxie ty  
D iffe re n tia l and the Taylor-Johnson Temperament Analysis 
inventory. There were no s ign ifican t differences in pretest 
physiological measures or in anxiety scores between groups. A ll 
three groups were reported as showing reductions in physiological 
measures between pre and post-tests. In a between-group comparison 
o f post-test scores the biofeedback group showed s ig n ifica n tly  
lower fron ta lis  EMG a c tiv ity  levels and heartra te  than the other 
two groups. On the other hand, only the guided imagery group 
showed s ign ifican tly  lower anxiety levels. Therefore fro n ta lis  EMG 
biofeedback appeared more e ffe c tive  than e ither guided im agery or 
a ttem pts to  relax using unguided strategies in reducing the 
resting tone o f the fron ta lis  muscles but was not e ffe c tiv e  in 
reducing t ra i t  or state anxiety.
However, the problems o f determ ining the cause o f the results 
in this re laxation study are the same as those in the c lin ica l 
rehab ilita tion  investigations discussed in section two of th is 
chapter. I t  is not possible to  a ttr ib u te  the reduction in 
fron ta lis  resting tone to the specific, in fo rm ationa l content o f 
. /  the biofeedback signal. Non-specific, placebo e ffe c ts  o f the
experim ental s ituation could also have resulted in lowered EMG
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levels. There are also a number o f facto rs  specific to  the design 
o f th is experiment, other than the presence or absence of 
biofeedback, which could have a ffec ted  the outcome. The authors 
described tha t the biofeedback group were instructed to  use 
re laxation strategies such as adopting a relaxed posture and 
closing eyes. S im ilar instructions were apparently not given to  
the other two groups. The contro l group were also played music 
through headphones in order to  provide equivalent auditory 
s tim ula tion across treatm ents. I t  would seem unlike ly th a t music, 
a biofeedback tone tha t varied w ith  muscle tension and guided 
imagery instructions to relax would have provided d ire c tly  
comparable auditory stim ula tion. I t  is also possible th a t the 
music played to  the contro l group could have produced raised EMG 
levels in subjects who did not like  the music or did not find  i t  
relaxing. A r t if ic ia lly  elevated EMG levels in the contro l group 
could have resulted in a spuriously s ign ifican t e ffe c t o f EMG 
biofeedback tra in ing. Therefore i t  is not possible to draw general 
conclusions from  th is study.
Gaudette e t al. (1983) compared the e fficacy  o f aud itory 
and visual biofeedback fo r obtaining reductions in fro n ta lis  EMG 
levels w ith  m otivating instructions to  relax fac ia l and laryngeal 
muscles. Twenty seven volunteer subjects were assigned random ly to 
one o f three groups. One group received binary auditory 
biofeedback, the second received binary visual biofeedback and the 
th ird  m otivating instructions to relax. Each group received f iv e
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th ir ty -m in u te  sessions over consecutive days. A baseline level was 
recorded in the f ir s t  ten minutes and then tra in ing  took place 
over the remaining tw enty minutes. EMG levels were m onitored at 
baseline and then ten, f ifte e n  and tw enty m inute in te rva ls  during 
tra in ing. The results o f th is  study were not fu lly  presented but 
the authors concluded tha t both auditory and visual biofeedback 
groups acheived s ign ifican tly  lower fron ta lis  levels over tim e 
than the contro l group although the mode o f biofeedback used had 
no s ign ifican t e ffe c t on levels reached.
In a ca re fu lly  designed study which used three independent 
groups who showed no s ign ifican t pre-test d ifferences and a long 
period o f tra in ing , Hamburger and Lohr (1981) examined the e ffe c t 
o f presence or absence o f experim enter on the e ffica cy  o f 
fron ta lis  EMG biofeedback in reducing resting tone in the 
fron ta lis  muscles. T h irty  volunteer college students were assigned 
to  one o f three groups. The contro l group were specifica lly  
instructed to  try  and relax th e ir fa c ia l and forehead muscles and 
listened to  a series o f tapes concerning the nature o f re laxa tion 
therapies. The experim enter remained in the room, but out o f sight 
o f the subject. The two experim ental groups both received 
fron ta lis  EMG biofeedback although the mode and type o f 
biofeedback used and details of instructions given were not 
reported. In one group the experim enter remained in the room but 
out of sight as in the contro l group and in the other biofeedback 
group the experim enter le f t  the room during the tra in ing  sessions.
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Five th ir ty -m in u te  tra in ing  sessions were given. Each session 
consisted o f a f ive  m inute adaptation period, a six m inute 
baseline (pre-test) period, a tw enty m inute tra in ing  period and a 
fin a l six m inute post-test period. Integrated EMG levels from  the 
fron ta lis  muscles were m onitored during the pre and post-test 
periods. No s ign ifican t differences in baseline EMG levels were 
reported between the groups p rio r to  tra in ing . A ll groups reduced 
EMG levels s ign ifican tly  across the tra in ing  sessions but the two 
biofeedback groups achieved s ign ifican tly  lower fron ta lis  EMG 
levels a t post-test than the contro l group. However, presence or 
absence o f experimenter did not produce d iffe re n tia l e ffe c ts  in 
the two biofeedback groups. The main problem in in te rp re ting  the 
results o f th is investigation was th a t the subjects in the contro l 
group were required to  listen to  tapes. They therefo re  may have 
concentrated on listening to  the tapes ra ther than a ttem pting  to 
reduce resting tone in th e ir fron ta lis  muscles. Had they been able 
to  concentrate solely on reducing resting tone the levels a tta ined 
could have been as low as those in the two experim ental groups.
Even i f  the studies o f Gaudette e t al. (1983) and 
Hamburger and Lohr (1981) are accepted as providing evidence fo r 
the contention tha t biofeedback was more e ffe c tive  than the 
m otiva ting  instructions in producing reduction in fron ta lis  EMG 
levels, f irm  conclusions cannot be drawn because a number o f 
studies fa iled  to  find  EMG biofeedback any more e ffe c tive  than 
m otiva ting  instructions, (Alexander e t a l., 1977; Davis, 1980; and
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Qualls and Sheehan, 1979 and 1981 b,c). Alexander e t al. (1977) 
contended th a t m otiva ting  instructions would not produce 
equivalent levels of m otivation in both contro l and experim enta l 
groups. They therefore  also employed th e ir contro l subjects as 
research collaborators and emphasised to them the neccessity o f 
relaxing fu lly . The authors stated th is strategy was designed to  
engage the in te rest o f subjects and increase m otivation to  perform  
by actua lly  involving the contro l group subjects in the log ic o f 
the experim ental enterprise. No s ign ifican t d ifferences were 
reported between fron ta lis  EMG levels in the contro l and 
experim ental groups. Alexander e t al. (1977) therefore  concluded 
th a t the main function of the EMG biofeedback signal was to  
m otivate  subjects.
Davis (1980) also reported tha t EMG biofeedback was no 
more e ffe c tive  than m otiva ting  instructions in lowering the 
resting tone o f the fron ta lis  muscles. In a f ir s t  investigation 
she assigned tw enty four subjects randomly to one o f fou r groups. 
The sample size was therefo re  very sm all as each group consisted 
o f just three females and three males. One experim ental group 
received EMG biofeedback from  the fron ta lis , forearm  extensor, and 
semispinalis and splenius group o f muscles. The second group 
received EMG biofeedback from  the fron ta lis , forearm  extensor and 
masseter muscle groups. The th ird  group received EMG biofeedback 
from  the fron ta lis  muscles only and the contro l group received no 
biofeedback. A ll four groups were instructed to  relax and the
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experim ental groups were also to ld  th a t the biofeedback would help 
them to  do so. The contro l group were instructed to  use any 
strategies they wished to relax.
Analogue auditory biofeedback was provided and a shaping 
technique was used th a t involved setting a threshold based on the 
median baseline level from  the previous tw o minutes recordings 
from  a ll the muscle groups selected fo r biofeedback. Frontalis 
levels a t or below th is threshold gave a c lick  ra te  fo r the 
audio-feedback o f one per second. Levels above the threshold 
increased the c lick  ra te  proportionate ly. The in fo rm ation  
available to subjects m ight therefore  have been lim ite d  by this 
threshold and an a r t if ic ia l floo r e ffe c t m ight have been created.
Each group received three sessions, tw o  on the same day 
w ith  a ten m inute in te rva l separating them and the th ird  a week 
la te r. Each session started w ith  a three m inute period th a t was 
described as allow ing subjects to adapt to  the laboratory. This 
was followed by a nine m inute baseline phase. A fte r  com pletion of 
tra in ing  subjects were asked to lie  qu ie tly  u n til the experim enter 
returned. EMG levels were m onitored w ithou t biofeedback during 
th is two m inute period. Each EMG biofeedback tra in ing  phase 
consisted o f ten, seventy second tr ia ls  separated by fo r ty  second 
rest in terva ls. EMG levels from  a ll muscle groups together w ith  
heartra te were monitored as the dependent variables during the 
last two minutes o f the baseline period and during a tw o m inute 
post-test period. The EMG levels in the four muscles were
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apparently not sampled simultaneously in a ll four muscle groups as 
only three channels were available and the author reported th a t 
therefore  the recording o f EMG levels were not iden tica l across 
experim ental conditions.
No s ign ifican t differences in baseline measures between 
the groups were reported. A steady decrease in EMG levels across 
sessions was found but there was no d iffe rence in the size o f 
reduction in fron ta lis  EMG levels between any o f the biofeedback 
or the contro l groups. Reductions in levels of EMG a c tiv ity  were 
equivalent in a ll conditions. Davis postulated tha t these results 
could have been a consequence of a d r if t  e ffe c t occurring equally 
in the groups. She therefore  included a twelve m inute period a t 
the s ta rt o f the re laxation session in a second investigation.
This period was described as allow ing subjects to lie  qu ie tly , 
re lax and adapt to the laboratory conditions. A tw e lve  m inute 
period was regarded as su ffic ien t by Davis because i t  had been 
previously reported tha t s ign ifican t decreases in baseline levels 
take place w ith in  the f ir s t  five  minutes o f a baseline phase.
T h irty  two females were randomly assigned to  one o f three groups 
in the second experiment. The f ir s t  group received biofeedback 
from  the fron ta lis  muscle. The second group were equivalent to  the 
m otivated contro l group o f the f ir s t  experim ent and the th ird  
group, described as the adaptation contro l group, were simply 
asked to  lie  qu ie tly  w ith  eyes closed and to remain as s t i l l  as 
possible. The design was also m odified to  include only one session
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of increased length. Subjects received eighteen seventy-second 
tria ls  instead o f ten tr ia ls , otherwise conditions were s im ilia r 
to those o f the f ir s t  experiment. The dependent measures were also 
s im ilar, although add itiona lly percentage change in  fro n ta lis  EMG 
levels between baseline and t r ia l eighteen were computed. Results 
again showed no s ign ifican t d iffe rence between pre -test EMG levels 
in the three groups. There was also no s ign ifican t d iffe rence 
between the percentage reduction in fron ta lis  EMG resting tone 
between the biofeedback and the m otivated contro l group. However, 
a s ign ifican t d iffe rence was reported between the percentage 
reduction in EMG levels o f these two groups and the adaptation 
contro l group. Davis suggested tha t one fa c to r tha t could have 
produced equivalence between the biofeedback and m otivated con tro l 
group. The instructions to  relax were repeated a t the s ta rt o f 
each seventy second re laxation period and th is could have 
maintained concentration in the m otivated contro l group. Therefore 
the conclusion was drawn tha t biofeedback was no more e ffe c tiv e  
than oft-repeated m otivating instructions in  reducing fron ta lis  
EMG levels.
I t  is however possible tha t other facto rs  in  the 
experim ental design produced equivalence between the experim enta l 
and contro l groups. The a r t if ic ia l f lo o r e ffe c t speculated on 
previously could have prevented differences between the 
biofeedback and the contro l groups emerging. The b rie f re laxa tion  
periods separated by rest periods in which subjects were to ld  th a t
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they could move around and open th e ir eyes m ight also have 
prevented e ither group from  reducing resting tone in the fron ta lis  
muscles as much as they would have done had the re laxa tion periods 
been uninterupted. The re la tive ly  high levels o f fron ta lis  EMG 
a c tv ity  (9.08-5.4 m icrovo lts peak to  peak) reported could support 
these explanations. The sample size in the f ir s t  study m ight also 
have been too small fo r s ign ifican t differences to be found.
Qualls and Sheehan (1979) also reported tha t they found no 
s ign ifican t d ifferences between the fron ta lis  EMG levels o f a 
m otivated contro l group and an EMG biofeedback group a t the end o f 
tra in ing. They suggested tha t biofeedback performance and the 
capacity o f subjects to  sustain a tten tion  and to be absorbed in 
in te rna l, self-generated im aginative events m ight be re la ted. They 
speculated tha t subjects w ith  good capacities o f a tten tion  and 
absorption would find tha t biofeedback in te rfe red  w ith  th e ir  own, 
preferred methods o f re laxation whereas subjects w ith  low levels 
of these ab ilities  would find biofeedback to  be an e ffe c tiv e  means 
o f sustaining a tten tion . In a series o f two experiments, using the 
same equipment and biofeedback tra in ing  techniques as those 
already described fo r Davis (1980), Qualls and Sheehan (1981 b) 
compared performance of high and low absorption subjects, as 
measured on the Tellegen Absorption scale, on a biofeedback task. 
Three experim ental conditions were used, involving e ither 
fron ta lis  EMG biofeedback, m otivated se lf-re laxa tion  or an 
a tten tiona l no-biofeedback contro l group. In the la tte r  subjects
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were in terrupted by a repeated series o f comments a t irregu lar 
in terva ls which were designed to provide an a tten tiona l demand 
tha t would focus subjects on the need to  try  to  re lax w ithou t 
providing any in fo rm ation  about strategy. E ight high and e ight low 
absorption subjects were assigned to  each o f the three groups 
which received tw o separate sessions one week apart. Subjects a ll 
underwent eighteen seventy-second re laxation tr ia ls  separated by 
fo r ty  second in te r tr ia l in terva ls. The results showed tha t the 
high absorption subjects perform ed s ign ifican tly  worse w ith  
biofeedback than in e ither o f the two no-biofeedback conditions 
while the low absorption subjects atta ined s ign ifican tly  be tte r 
reductions in fron ta lis  EMG levels w ith  biofeedback and w ith  the 
provision o f an a tten tiona l focus than they did in the 
se lf-m o tiva ting  re laxation group. The authors there fo re  concluded 
tha t biofeedback provided an im portan t a tten tiona l focus ra ther 
than a m otiva tiona l stimulus as suggested by Alexander e t al.
(1977).
These results of Qualls and Sheehan (1981b) could explain 
the lack o f EMG biofeedback e ffe c t reported by Davis (1980). Her 
groups could have consisted by chance of equal numbers o f high and 
low absorption subjects and the gains made by the low absorption 
subjects could have been counteracted by the poor results o f the 
high absorption subjects. This raises the question o f why 
s ign ifican t EMG biofeedback e ffe c ts  were reported in the other 
studies reviewed, since the ir groups could also have contained
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both high and low absorption subjects. One explanation could be 
that, by chance, a ll the investigations tha t reported s ign ifican t 
e ffe c ts  included more low absorption subjects than high absorption 
subjects.
However an a lte rna tive  explanation seems more like ly . The 
length o f biofeedback tra in ing  varied in the studies reviewed so 
fa r from  short periods o f tw enty one m inutes (Davis, 1980) and 
fo r ty  two m inutes (Qualls and Sheehan, 1981b) through seventy five  
minutes (Schandler and Dana, 1983), one hundred minutes (Hamburger 
and Lohr, 1981) to  a much longer one hundred and f i f t y  m inutes 
(Gaudette e t al., 1983). The number and pattern ing o f tra in ing  
sessions also varied between these studies. Davis (1980) and 
Qualls and Sheehan (1981b) used only one or tw o sessions and where 
two sessions were employed these were separated by a week. The 
other studies used a minimum of three sessions. Schandler and Dana 
(1983) gave three sessions on three consecutive weeks; Gaudette e t 
al. (1983) employed five  session on consecutive days and Hamburger 
and Lohr (1981) also used five  sessions but did not provide 
details o f the patterning. Therefore both the study o f Davis and 
those o f Qualls and Sheehan were shorter than the rest. Length of 
tra in ing  could be an im portan t fac to r because i t  is possible th a t 
the in te rfe ring  e ffec ts  o f biofeedback described by Qualls and 
Sheehan fo r th e ir high absorption subjects m ight have diminished 
over tim e. A reduction over tim e in the e ffe c t o f locus o f con tro l 
on the a b ility  to reduce resting tone in the fron ta lis  muscles
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w ith  biofeedback was reported by Z im et (1979). He reviewed the 
e ffe c t on biofeedback performance o f the way in which subjects 
perceived events a ffe c ting  them. Individuals who perceived events 
to  be a result o f th e ir own actions (w ith  an in te rna l locus o f 
contro l) had been hypothesised as being more successful than those 
who perceived events to  be the result o f the actions o f others or 
chance (w ith  an external locus o f contro l). Z im et described the 
findings as inconclusive and suggested tha t even where in terna ls 
were reported as be tte r in it ia lly  than externals the d ifferences 
disappeared as a result o f prolonged tra in ing. This v iew  was also 
supported by Carlson and Feld (1981). Qualls and Sheehan (1981 a) 
themselves also stated th a t the in terference o f biofeedback on 
re laxation in high absorption subjects can be overcome 
spontaneously over tim e but did not present deta il or evidence to  
support the statem ent. I f  the d iffe re n tia l in te raction  between 
high and low absorption w ith  biofeedback performance did reduce 
w ith  tim e, then its  masking e ffe c t should be least in the longer 
studies, and th is  could account fo r  the fa c t tha t the studies th a t 
took place over less than the three sessions did not report 
s ign ifican t e ffec ts  of EMG biofeedback.
The studies reviewed so fa r therefo re  provide some 
evidence tha t EMG biofeedback tra in ing  is more e ffe c tive  than 
m otivated se lf-re laxa tion  in reducing resting tone in the 
fron ta lis  muscles but they they have not elim inated the po ten tia l 
placebo e ffe c ts  o f the subjects being surrounded by complex
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equipment.
One method used to  a ttem pt to  contro l fo r the e ffe c ts  o f 
using equipment and attending to  a signal has been to  provide 
subjects in the contro l group w ith  an a tten tion  placebo (Hatch,
1982). In th is contro l condition subjects were provided w ith  a 
stimulus to  attend to tha t could be a constant signal (Budzynski 
and Stoyva, 1969; Coursey, 1975; Jessup and Neufeld, 1977; Jones 
and Evans, 1981), a randomly varying signal (Neilson and Holmes, 
1980), a pre-recorded session from  another subject (Budzynski e t 
al., 1973; Philips, 1977; Kappes and Michaud, 1978) or a signal 
relayed d irec tly  from  another subject (Yock, 1978; Cram, 1980). 
The instructions given about the nature o f the non-contingent 
signal suggested to  subjects th a t the signal would mask noise, 
provide a focus o f a tten tion  or help re laxation. Im portan tly , the 
signal was not presented as contingent biofeedback. I f  subjects 
were also given m otivating instructions to  re lax th a t were 
identica l to  those given to  the con tro l group, then the tw o groups 
should be equivalent fo r level o f sensory stim ulation and 
m otiva tion .
Most o f the studies lis ted above, which compared 
contingent EMG biofeedback w ith  an a tten tion  placebo con tro l 
group, reported s ta tis tica lly  s ign ifican t lower EMG levels in  the 
biofeedback group, although i t  is d if f ic u lt  to decipher whether or 
not both groups were equally m otivated. Hatch (1982) suggested 
th a t contro l subjects in the a tten tion  placebo condition m ight not
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have the same expectation o f im provem ent as the experim ental 
subjects, pa rticu la rly  i f  the contro l subjects did not accept th a t 
the signal was not contingent upon changes in resting tone in 
th e ir fron ta lis  muscles. Subjects m ight a tte m p t to gain con tro l o f 
the signal by a lte rna te ly  re laxing and contracting th e ir fro n ta lis  
muscles (called probing by K iffe r  e t al., 1981) and such 
a c tiv itie s  could result in elevated EMG a c tiv ity  levels in the 
contro l group. Elevated EMG levels in the contro l group could give 
rise to  s ign ifican t between-group differences when they were 
compared w ith  the experim ental group, which could be 
m isin terpreted as an ind ica tor tha t EMG biofeedback tra in ing  had 
resulted in these s ign ifican t reductions. Therefore the nature o f 
the instructions given to  subjects pa rtic ipa ting  in an a tte n tion  
placebo contro l group are o f pa rticu la r im portance i f  m otiva tion  
and c re d ib ility  o f tra in ing  are to be equivalent to th a t in the 
experim ental group or condition.
Therefore, an a tten tion  placebo contro l would seem to  have 
advantages over m otiva ting  instructions alone because con tro l 
subjects received equivalent sensory s tim ula tion to the 
experim ental group and used the same, complex equipment. But th is 
contro l condition could only help to id en tify  i f  EMG biofeedback 
operated specifica lly  i f  m otiva tion  was equal to th a t in the 
experim ental group and i f  contro l subjects accepted tha t the 
signal was not contingent on muscular changes.
Another contro l procedure classified by Hatch (1982)
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provided subjects w ith  non-contingent biofeedback but presented i t  
to them as contingent biofeedback (Hanna e t al., 1975; Kondo and 
Canter, 1977; Glaus and Kotses, 1979; Le Boeuf, 1980a, 1980b; 
Carlson and Feld, 1981; Graham e t al., 1981; K iffe r  e t a l., 1981; 
Segreto-Bures and Kotses, 1982;). Such pseudobiofeedback or false 
biofeedback, when presented w ith  instructions iden tica l to  those 
o f the experim ental group, m ight be thought to  give the con tro l 
group equivalent stim ula tion, m otiva tion  and expectation o f 
success and therefo re  to  contro l fo r a ll aspects o f the s ituation 
apart from  the specific, in fo rm ationa l content o f the contingent 
biofeedback. Results from  these studies showed tha t contingent 
biofeedback produced consistently lower fron ta lis  resting tone 
than the false biofeedback. However, th is contro l condition could 
also result in elevated fron ta lis  EMG levels in the contro l group. 
Boredom, frus tra tion , or probing could a ll result in a r t if ic ia l ly  
high levels o f in tegrated EMG (K if fe r  e t al., 1981) and 
recognition o f lack o f equivalence m ight also result in reduced 
m otiva tion  to relax. This c rit ic ism  o f false biofeedback con tro l 
groups is supported by the studies o f Le Boeuf (1980a, 1980b) and 
Segreto-Bures and Kotses (1982), both o f whom reported s ign ifican t 
biofeedback e ffec ts  but also reported elevated fro n ta lis  EMG 
levels in the contro l group.
Hatch (1982) suggested tha t a double blind procedure m ight 
reduce the like lihood o f the non-contingency being recognised, 
pa rticu la rly  i f  in fo rm ation  about the results o f probing
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strategies was w ithe ld  from  subjects by a cu t o ff o f biofeedback 
i f  EMG levels exceeded a set lim it .  Hatch e t al. (1983) used this 
th is  technique to  compare the effectiveness o f contingent, 
auditory fron ta lis  EMG biofeedback w ith  three d iffe re n t types o f 
false biofeedback in reducing fron ta lis  EMG a c tiv ity . Subjects in 
each o f the three contro l groups were provided respective ly w ith  
tru ly  random auditory biofeedback, fa lse biofeedback tha t showed a 
gradual increase although the signal varied randomly around the 
increasing gradient and false biofeedback th a t showed a gradual 
decrease and also varied randomly around a decreasing gradient. 
The last tw o contro l conditions were designed to sim ulate apparent 
fa ilu re  and apparent success respectively. Forty  subjects were 
to ld  about the relationship between c lic k  ra te  and muscle tension 
and instructed to  make the c lic k  ra te  as low as possible. 
Instructions were apparently made as m otiva ting  as possible 
although fu ll details o f instructions were not given. Subjects 
were then randomly assigned to one o f the four groups. Neither 
experimenters nor groups were to ld  about the nature o f the 
biofeedback condition used. The amount o f contact between 
experimenters and subjects was de liberate ly minimised in order not 
to breach the double blind design and the experimenters had no 
access to  in fo rm ation  about the fron ta lis  EMG a c tiv ity  levels o f 
the subjects. A single session o f biofeedback was given tha t 
included a five  m inute adaptation period, a two m inute eyes-open 
baseline, a two minutes eyes-closed baseline and a tw o m inutes
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baseline in which subjects were instructed to  try  and relax. Mean 
and standard deviations o f in tegrated EMG levels were then 
computed fo r the fin a l baseline period and a c u t-o ff  or ce iling 
threshold level was set a t three standard deviations above the 
mean. Above th is level, in a ll groups, the biofeedback signal 
ceased and was only re-introduced when EMG levels fe ll below the 
threshold. A c u t-o ff  was adopted in order to dim inish the 
like lihood of subjects in the contro l groups using a probing 
strategy in order to  tes t contingency. P rior to  a llocation of 
subjects to  groups they were a ll instructed to raise the ir 
eyebrows and clench th e ir teeth. The clicks ceased im m edia te ly and 
subjects were instructed to not le t th is occur during the 
experiment. Subjects in a ll groups then received seven, f ive  
m inute sessions o f biofeedback or false biofeedback separated by 
one m inute tr ia ls  in which they attem pted to relax w ithou t 
biofeedback.
A very thorough analysis o f mean EMG levels yielded no 
s ign ifican t d ifferences between any o f the four groups. Contingent 
biofeedback appeared to  be no more e ffe c tive  than any o f the form s 
o f false biofeedback in reducing EMG a c tiv ity . I t  m ight there fo re  
seem reasonable to conclude th a t the s ign ifican t e ffec ts  o f 
contingent biofeedback reported previously were due to 
non-specific placebo factors, which had been contro lled fo r 
adequately in th is last study. This inference is not acceptable 
because a major c ritic ism  of study made Hatch e t al. (1983) was
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th a t the investigation took place over one session only. O ther 
c ritic ism s included the lack o f contact between experim enter and 
subjects, a possible breach o f the double-blind procedure by 
subjects and the use o f the threshold c u t-o ff which resulted in 
a ll subjects receiving binary biofeedback fo r a proportion o f the 
tim e.
A fin a l fo rm  o f contro l group classified by Hatch (1982) 
was the altered contingency condition f ir s t  named by K a tk in  and 
Goldband (1979). Hatch (1982) suggested tha t contingent 
biofeedback could be presented a fte r a tim e delay or the d irection  
o f change of the biofeedback signal in re la tion  to  contraction  or 
re laxation of the muscle could be inverted. He considered th a t 
subjects m ight gain some sense o f contro l o f the signal, and 
therefore the problems of probing strategies described fo r  the  
false biofeedback condition m ight be elim inated. However, i t  is 
also possible tha t subjects m ight recognise the altered 
contingency and th is could present problems s im ila r to those 
discussed fo r false biofeedback.
F ina lly , Large and Lamb (1983) used a contro l procedure, 
not described by Hatch (1982), in which patients in the con tro l 
condition received biofeedback a t very reduced sens itiv ity  levels 
such tha t only very active muscle contractions resulted in a 
deflection o f a m eter needle. Therefore, although l i t t le  
in fo rm ation  was provided, no discrepancy occurred between the 
biofeedback received and level o f muscle tone. Large and Lamb
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(1983) used a com plicated repeated measures design w ith  eighteen 
patients. The site chosen fo r biofeedback varied w ith  the s ite  o f 
musculo-skeletal pain th a t the patients suffered. Each pa tien t was 
seen tw ice  a week fo r six sessions in  both the biofeedback and the 
contro l conditions. A three week w a iting lis t  contro l period was 
also included. The order in which patients received the three 
trea tm ents was counterbalanced. EMG a c tiv ity  levels were recorded 
from  the muscle being trea ted during one m inute baseline sessions 
w ithou t biofeedback a t the beginning and end o f each o f the 
tra in ing  periods. Both EMG biofeedback and the reduced sens itiv ity  
contro l condition resulted in a reduction in baseline EMG levels, 
w ith  no s ign ifican t d iffe rence apparent between the two 
conditions. However, only the biofeedback trea tm en t produced an 
orderly reduction in resting tone, indicated by a s ign ifican t 
(p<0.05) linear trend across sessions. Resting tone was also also 
s ign ifican tly  lower (p<0.05) in the contro l trea tm en t th a t 
fo llowed the biofeedback trea tm en t than in the contro l condition 
th a t preceeded the biofeedback trea tm ent.
The reduced sensitiv ity  contro l condition was there fo re  
apparently e ffe c tive  in reducing resting tone. This would seem to  
suggest tha t the placebo component o f the biofeedback trea tm en t 
was im portan t and th a t the in fo rm ation  provided by the biofeedback 
trea tm en t was not v ita l fo r e ffe c tiv e  reduction o f EMG a c tiv ity  
levels. However, only the biofeedback condition resulted in an 
orderly reduction in resting tone from  session to session. I t  was
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also possible th a t the reduction o f resting tone in the contro l 
condition resulted in part from  a carry  over o f learning from  the 
biofeedback tra in ing  to  the tra in ing  w ithou t biofeedback. I t  is 
therefore  not possible to  state conclusively tha t the reduced 
sensitiv ity  contro l trea tm en t was as e ffe c tive  as the biofeedback 
trea tm ent in reducing EMG levels s ign ifican tly .
In summary then, fron ta lis  EMG biofeedback has been 
demonstrated to  be more e ffe c tive  than m otiva ting  instructions to  
re lax in reducing resting tone in the fron ta lis  muscles, i f  three 
or more tra in ing  sessions are given. However, i t  has s t il l not 
been convincingly demonstrated th a t the reduction in resting tone 
results from  the  in fo rm ation  about EMG a c tiv ity  levels provided 
during biofeedback tra in ing . I t  is s t i l l  possible tha t biofeedback 
tra in ing  only increases m otiva tion  or acts as a focus o f 
a tten tion . These factors, combined w ith  appropriate instructions, 
could be su ffic ie n t to produce the reported changes. Therefore, 
fu rthe r investigation is needed to id en tify  how EMG biofeedback 
works. Biofeedback tra in ing should be compared w ith  a con tro l 
condition tha t meets the fo llow ing c r ite ria . The same complex 
equipment should provide the biofeedback and the contro l signal. 
The sensory stim ula tion in the contro l condition must be 
equivalent to th a t received in the biofeedback condition. The 
in form ation provided fo r the contro l group should not e lic it  any 
probing strategy. The instructions should be phrased in order to  
produce equivalent m otivation in the experim ental and con tro l
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conditions. The com plexity o f task must also be equivalent across 
the two conditions and fin a lly  the contro l condition should be 
credible to  the subjects and expectancy o f success should be equal 
in both conditions.
Expectancy o f success has already been discussed b r ie fly  
in the review o f the study by Hatch e t al. (1983) who attem pted a 
double blind design in order to  e lim ina te  the po ten tia lly  
confounding e ffe c ts  o f d iffe re n t expectancies in the biofeedback 
and no-biofeedback conditions. However, re la tive ly  few  studies 
have d irec tly  manipulated the be lie f o f subjects or experim enters 
about the co n tro lla b ility  o f outcome. Carlson and Feld (1981) 
attem pted to con tro l the expectancies o f subjects. Forty  e ight 
subjects were allocated to  one o f three groups. Two ten-m inute  
baseline sessions took place in which subjects were seated w ith  
eyes closed while they listened to  instructions about the 
experiment and fron ta lis  EMG levels were monitored. The three 
groups then received three p re -trea tm ent sessions in which 
expectancies were manipulated by the inclusion o f a f ic t it io u s  
task. Subjects were asked to contro l blood vessel d iam eter using 
false, auditory biofeedback. One group received false biofeedback 
th a t indicated fa ilu re . A second group received false biofeedback 
tha t indicated success and the th ird , the contro l group, were 
asked to listen to the same tone as the fa ilu re  group but were not 
asked to m odify it .  The f ir s t  two groups also received verbal 
feedback a t the end o f each session tha t was designed to  re in fo rce
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the notion o f success or fa ilu re  respectively. In a single sixth 
session, called the se lf-con tro l period, subjects were simply 
instructed to relax. A ll subjects then received a fu rth e r three 
tw enty-m inu te  sessions o f contingent auditory fron ta lis  EMG 
biofeedback in which they were again instructed to relax. F ronta l 
EMG a c tiv ity  levels expressed as a proportion o f the baseline were 
compared between the three experim ental groups fo r the 
pre trea tm ent sessions, the se lf-con tro l period and the EMG 
biofeedback periods. The success group were reported as having 
s ign ifican tly  lower EMG levels in the p re-trea tm ent period than 
the other two groups. No s ign ifican t differences were reported 
between the three groups in the se lf-con tro l stage. A ll three 
groups reduced fron ta l EMG levels s ign ifican tly  w ith  biofeedback 
and the fa ilu re  group achieved s ign ifican tly  lower EMG levels than 
those in the success and contro l groups. Therefore, the group who 
in it ia lly  received the fa ilu re  pre trea tm ent used the EMG 
biofeedback most e ffe c tive ly . Although th is e ffe c t was con tra ry  in 
d irection  to  the hypothesised e ffe c t o f the pre trea tm ent the 
presence o f a s ign ifican t d iffe rence suggests tha t previous 
experience in contro lling  a response is im portan t and should be 
taken in to  account in experim ental design.
Connally e t al. (1983) also examined subject expectancies 
but ra ther than manipulating expectancies d irec tly  they selected 
th ir ty  four subjects, twenty two of whom were in form ed th a t the 
experim ent involved biofeedback and twelve o f whom were not. A
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comparison o f fron ta lis  EMG levels in the inform ed and uninformed 
groups in a f ir s t  five  m inute baseline period and the last f ive  
minutes o f a single tra in ing  session showed tha t the non-inform ed 
subjects demonstrated s ign ifican tly  higher EMG levels in  both 
periods than the in form ed group. The authors suggested th a t the 
differences in baseline levels indicated tha t a self-se lection 
process m ight have operated in th a t subjects who voluntered fo r  
the experiment knowing tha t i t  involved biofeedback m ight have 
been more relaxed and se lf-confident than subjects who voluntered 
w ithou t th is knowledge. The authors postulated tha t the in form ed 
subjects m ight have voluntered because they thought th a t they 
would be good at the task.
However, th is conclusion cannot be accepted because only 
ha lf o f the uninformed subjects received instructions th a t 
prompted them to try  and relax. Those subjects who were not 
instructed to  relax m ight have used the tw enty minutes given to 
tra in ing  in attem pting to  id e n tify  a successful strategy. A like ly  
response would have been to  a ttem p t to  a lte rna te ly  re lax and 
con trac t the muscle being m onitored and this could have produced 
the high mean EMG a c tiv ity  levels reported fo r th is group.
In a d iffe re n t approach, Segreto-Bures and Kotses (1982) 
manipulated the expectancies o f the experimenters ra ther than the 
subjects. Three groups o f twelve subjects received contingent 
proportional auditory biofeedback from  the fron ta lis  muscles in 
the form  of a tone o f variable p itch . A fu rth e r three groups of
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twelve subjects received false biofeedback pre-recorded from  a 
subject who successfully reduced fron ta lis  EMG a c tiv ity  levels 
using contingent biofeedback. Six experim ental assistants, 
described as naive to  EMG biofeedback recordings were recru ited 
and tra ined to  use biofeedback equipment. Two, described as low 
expectancy experimenters, were to ld  th a t learning to con tro l the 
biofeedback signal was very d if f ic u lt .  Two, described as high 
expectancy experimenters, were to ld  tha t learning to  con tro l the 
signal was easy and th a t most people succeeded in doing so. The 
fin a l tw o experimenters were not given any expectancy about 
outcome. One experim enter from  each expectancy condition was then 
assigned to  the contingent and non-contingent groups. Only one 
tra in ing  session was given which included a five  m inute adaptation 
period, a f ive  m inute resting baseline and a tw enty m inute 
biofeedback tra in ing  session. Subjects were not inform ed about the 
contingency between the signal and fron ta lis  muscle a c tiv ity . Nor 
were they given instructions to  relax. They were simply instructed  
to  keep the tone as low as possible.
The contingent biofeedback group tra ined by a 
no-expectancy experimenter achieved s ign ifican tly  greater 
reductions in EMG levels than the equivalent non-contingent group. 
No such differences were reported in the other two expectancy 
conditions. The authors therefore suggested th a t the experim enters 
w ith  strong expectancies, whether high or low, m ight have covertly  
in te rfe red  w ith  learning despite the fa c t th a t contact w ith
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subjects was low. However, the use o f only one session and the 
fa c t th a t each group was run by a d iffe re n t experim enter l im it  the 
value o f th is study. The im portance o f the relationship between 
experim enter and subjects was discussed by Taub and School (1978). 
They reported th a t the strongest, and only s ign ifican t 
experim ental e ffe c ts  they found in investigations o f skin 
tem perature biofeedback were produced by d iffe re n t experimenters. 
One was very outgoing and form ed friend ly  relationships w ith  the 
subjects who made greater changes in skin tem perature than the 
subjects tra ined by the other, quieter experim enter.
The evidence about the e ffe c t o f expectancy o f contro l on 
outcome o f biofeedback tra in ing  is therefo re  not clear, but care 
should be taken to ensure tha t expectancies o f subjects and 
experimenters are equivalent.
Connally e t al. (1983) were described previously as 
suggesting th a t subjects selected fo r fron ta lis  EMG biofeedback 
tra in ing  who had very low levels of resting tone in th e ir 
fron ta lis  muscles m ight do less well during tra in ing  than subjects 
w ith  much higher levels o f fro n ta lis  resting tone. This po in t was 
f ir s t  raised by Budzynski and Stoyva (1969) who de libera te ly 
selected subjects w ith  high levels o f resting tone fo r the ir 
investigation. An examination o f the studies reviewed so fa r  
showed tha t the m a jo rity  o f investigations which used c lin ic a lly  
tense or anxious subjects showed s ign ifican t biofeedback e ffe c ts  
(Le Boeuf, 1980 a and b; Jones and Evans, 1981; Large and Lamb,
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1983 and Schandler and Dana, 1983), Banner and Meadows (1983) 
being the exception. Whereas the studies using randomly selected 
subjects were more equally sp lit between s ign ifican t (Chen, 1981; 
Hamburger and Lohr, 1981; Shirley e t al., 1982 and Gaudette e t 
a l., 1983) and non-significant biofeedback e ffec ts  (Alexander e t 
al., 1977; Davis, 1980; Qualls and Sheehan, 1981b; and Hatch e t 
al., 1983). However, a comparison o f fron ta lis  EMG levels 
m onitored in these few  studies does not show a clear d is tinc tion  
between the categories. Non-anxious subjects did not s ta rt w ith  
very low baseline EMG levels and anxious subjects did not 
necessarily s ta rt w ith  high baseline EMG levels. I t  would also 
seem from  the study o f Hamburger and Lohr (1981) tha t flo o r 
e ffec ts  do not seem to  operate un til very low EMG levels are 
reached. They reported tha t subjects atta ined levels as low  as 1.4 
m icrovo lts w ith  biofeedback while the subjects o f Shirley e t al. 
(1982) atta ined levels as low as 0.9 m icrovo lts  w ith  biofeedback. 
Most studies have reported much higher levels and there fo re  unless 
noise levels in the system were high or some other aspect o f 
experim ental design was lim itin g  the in fo rm ation  available, flo o r 
e ffec ts  would not seem to  be a problem.
The e ffe c t o f m odality used to  present the in fo rm ation  
about EMG a c tv ity  levels in the fro n ta lis  muscles was reviewed by 
Yates (1980). He concluded th a t there was no evidence to  suggest 
th a t auditory biofeedback was more e ffe c tive  than visual 
biofeedback in enabling subjects to  reduce resting tone in the
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fron ta lis  muscles. However, more recent studies have continued to  
select auditory biofeedback (Davis, 1980; Le Boeuf, 1980a, 1980b; 
Garlson and Feld, 1981; Jones and Evans, 1981; Qualls and Sheehan, 
1981b; Segreto-Bures and Kotses, 1982; Hatch e t a l., 1983;
Schandler and Dana, 1983). Davis (1980) and Qualls and Sheehan 
(1981b) apparently based the ir choice on the findings o f Alexander 
e t al. (1973) who maintained tha t auditory biofeedback was more 
e ffe c tive  than visual biofeedback because subjects could close 
the ir eyes during the form er. However, Yates (1980) suggested th a t 
the presence o f the experim enter m ight have disturbed the subjects 
w ith  th e ir eyes open more than subjects who had th e ir eyes closed. 
The disturbance could have a ffected  subjects' concentration and 
prevented them achieving reductions in resting tone in the 
fron ta lis  muscles.
The e ffe c t on the EMG a c tiv ity  levels recorded from  the 
fron ta lis  muscles, o f whether or not eyes are open or closed, does 
not seem to have been examined overtly . V it t i  and Basmajian (1976) 
reported, as the result o f an investigation in to  the functions o f 
the fron ta lis  and procerus muscles w ith  needle electrodes, tha t 
the fron ta lis  muscles were not involved in the act o f w inking or 
closing the eyes. However, Alexander et al. (1973) suggested tha t 
m od ifica tion  o f the EMG a c tiv ity  levels recorded w ith  surface 
electrodes as a result o f eyes being opened would be lik e ly  to 
resu lt from  the additional a c tiv ity  o f other fac ia l muscles. I f  
th is was the case the findings o f Gaudette e t al. (1983) who were
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described previously as reporting tha t both auditory and visual 
EMG biofeedback were e ffe c tive  in reducing resting tone in the 
fron ta lis  muscles, could be a ttribu ted  to  the fa c t th a t subjects 
had th e ir eyes closed in both conditions (binary biofeedback was 
used and the visual biofeedback was administered w ith  eyes closed 
using a b righ t lig h t which apparently could be detected w ith  eyes 
closed). In a s im ila r study, Chen (1981) also reported both 
m odalities o f biofeedback to  be equally e ffe c tive  in reducing 
resting tone in the fron ta lis  muscles. However, in th is study the 
subjects given visual biofeedback were instructed to  keep th e ir 
eyes open while those who received auditory biofeedback again 
closed the ir eyes. Therefore, these two results did not seem to  be 
a ffec ted  by open or closed eyes and th is  is confirm ed by Engstrom 
and L iebert (1979) who reported tha t baseline fron ta lis  EMG 
a c tiv ity  levels were not s ign ifican tly  d iffe re n t w ith  eyes open or 
eyes closed. However, the findings o f Hatch e t al. (1983) appear 
contrary to those o f Engstrom and L iebe rt (1979) a t f ir s t  sight. 
Hatch e t al. (1983) used an eyes-open fo llowed by an eyes-closed 
baseline and reported a s ign ifican t reduction from  the f ir s t  to 
the second condition. The subjects f ir s t  lay quietly fo r a fiv e  
m inute adaptation period followed by the two baseline periods. 
However, the eyes-open baseline preceeded the eyes-closed baseline 
fo r a ll subjects and therefore the lower levels in the eyes-closed 
baseline condition could have been due to  a continued adaptation 
e ffe c t.
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The findings about the e fficacy  o f aud itory and visual 
fron ta lis  EMG biofeedback would therefo re  s t i l l  seem to  be 
equivocal and the conclusion drawn by Yates in 1980 would 
therefore s t i l l  seem to  be va lid .
Assessment o f resting tone in the fron ta lis  muscles p rio r 
to EMG biofeedback tra in ing  has also proved d if f ic u lt  because 
subjects a rriv ing  fo r testing may have experienced very d iffe re n t 
p rio r situations. The laboratory s ituation could also create 
anxiety in ce rta in  subjects. Therefore, most re laxation studies 
have e ither recommended a ten m inute (eg. Sagberg and Kveim , 1981) 
or f if te e n  m inute (eg. Sallis and Lichste in, 1979) adaptation 
period to a llow  the subjects to  habituate to  the laboratory p rio r 
to  any baseline measures of resting tone being taken. An 
a lte rna tive  technique was adopted by S u rw itt e t al. (1976) in 
th e ir investigation in to  vo luntary contro l o f peripheral skin 
tem perature using biofeedback where they only started recording 
baseline measurements once a c rite rio n  o f s ta b ility  had been met. 
Temperature v a ria b ility  had to  equal or be less tham one f i f t h  o f 
a degree fo r four minutes. An equivalent technique does not seem 
to have been adopted in fron ta lis  EMG studies.
Yates (1980) observed tha t baseline measures have been 
used both to  ensure tha t independent groups did not d iffe r  p rio r 
to tra in ing  and to  compare the a b ility  o f subjects to  re lax w ith  
and w ithout biofeedback on a day-to-day basis. Between-group, 
experim ental designs have usually involved measurement o f baseline
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levels p rio r to  tra in ing  a fte r subjects had rested qu ie tly  fo r up 
to tw enty minutes (pre-test) and a second measurement 
post-tra in ing (post-test) (eg. C inc irip in i, 1982; Thompson e t al.,
1983). An a lte rna tive  to  the pre-test, post-test design has been 
the use o f a baseline measured each day (eg. Siddle and Wood,
1979), called a running baseline by Yates (1980). This can provide 
a more accurate comparison w ith  the same day's score w ith  
biofeedback than a baseline measured only a t the s ta rt o f tra in ing  
because reductions in  baseline levels o f fron ta lis  resting tone 
m ight also occur over sessions i f  subjects continue to habituate 
to  laboratory conditions. However, reductions in  the baseline 
levels over sessions may also take place a d irec t resu lt o f 
tra in ing , i f  a b ility  to  reduce fro n ta lis  resting tone learned w ith  
biofeedback transfers to the baseline condition w ithou t 
biofeedback. Such changes in the baseline measure m ight resu lt in  
ins ign ifican t, between-group comparisons, even i f  changes had 
occurred in levels o f fro n ta lis  resting tone as a result o f 
experim ental manipulations. The e ffe c t o f the nature o f the 
baseline measure chosen on the outcome of tra in ing  does not seem 
to  have been investigated overtly . U n til evidence is available on 
which to  base the choice of baseline, a com bination o f p re -test, 
post-test measurements, together w ith  a day-to-day running 
baseline would seem to provide the best way of assessing the 
e ffe c t o f biofeedback tra in ing.
The number of sessions has already been described as fa c to r
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tha t could a ffe c t outcome of tra in ing  but w ithou t evidence being 
assessed. Siddle and Wood (1979) fa iled to  show any clear 
advantage o f biofeedback in three sessions while Glaus and Kotses 
(1979) and Schandler and Dana (1983) reported EMG biofeedback to 
be e ffe c tive  in reducing fron ta lis  resting tone over the same tim e  
period. Shirley e t al. (1982) found clear biofeedback e ffe c ts  over 
four sessions as did Jones and Evans (1981) and Goldberg e t al
(1982) w ith  five  sessions. Hamburger and Lohr (1981) and Gaudette 
e t al. (1983) also reported s ign ifican t e ffec ts  over f ive  days but 
the m ajor drop in levels in these studies took place in the f ir s t  
tw o days. S ign ificant e ffec ts  o f biofeedback on EMG levels were 
only reported a fte r  six days by Reinking and Kohl (1975); a fte r  
e ight days by Kappes (1983); and on day th irteen  by LeBoeuf and 
Lodge (1980). Therefore a minimum o f three tra in ing  session would 
seem to  be advisable, fou r m ight be preferable and even more m ight 
be needed in certa in  conditions.
The length o f individual sessions m ight also be im portan t, 
they have ce rta in ly  varied considerably between investigations.
Twenty minutes has been the most popular tim e  chosen fo r  length o f 
session (Stern and Berrenberg, 1977; Glaus and Kotses, 1979;
Carlson and Feld, 1981; Chen, 1981; Hamburger and Lohr, 1981; 
H iebert and Fitzsimmons, 1981; Segreto-Bures and Kotses, 1982; 
Gaudette e t al., 1983; Kappes, 1983). Others have used tra in in g  
periods between tw enty and th ir ty  minutes (Hamburger and Lohr, 
1981; K if fe r  e t al., 1981; McGrady e t al., 1981; Banner and
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Meadows, 1983; Carlson e t a l., 1983; Hatch e t al., 1983; Schandler 
and Dana, 1983). The longest tra in ing  periods adopted recently  
have been fo r ty  m inutes by C inc irip in i (1982) and f i f t y  m inutes by 
Lustman and Sowa (1983). O ther investigators have used varying 
to ta l lengths o f tra in ing  sessions but have sp lit up the periods 
in to  much brie fer,repeated re laxation in terva ls fo llowed by short 
in te r - tr ia l rest periods. The tim e periods range from  seventy 
seconds re laxation and fo r ty  second in te r tr ia l in tervals, (Davis,
1980); two minutes re laxation and two minutes baseline, (Siddle 
and Wood, 1979); or fou r m inutes re laxation w ith  a th ir ty  second 
rest, (Montgomery e t al., 1982; Borgeat e t al., 1980). Shirley e t 
al. (1982) used two, ten m inute re laxation periods separated by a 
three m inute rest period. The e ffe c t o f these d iffe re n t tra in ing  
schedules on the successful use o f EMG biofeedback does not seem 
to have been tested e xp lic itly .
The im portance o f instructions providing equivalent 
m otiva tion  in experim ental and contro l conditions has been 
discussed previously. Another aspect th a t could a ffe c t outcome is 
how the instructions are presented. One possiblity is to  use taped 
instructions in order th a t the experimenters may s it - in  a 
d iffe re n t room during the experim ental session. Yates (1980) 
suggested tha t where s ign ifican t re laxa tion e ffec ts  were not 
obtained, the fa ilu re  could have been due to  the disturbing 
presence o f the experim enter. Hamburger and Lohr (1981) have since 
tested the e ffe c t o f presence or absence of experim enter. They
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hypothesised th a t the presence o f the tra ine r m ight fa c ilita te  
re laxation but they reported tha t the tra ine r's  presence was not a 
cruc ia l fa c to r. Conversely, Borgeat e t al. (1980) examined the 
e ffe c t o f the active  presence o f therapists on re laxation o f the 
fron ta lis  muscles and reported th a t over f if te e n  weekly sessions 
a ll EMG levels were higher in the presence o f the therapist.
Another fa c to r tha t has not been standardised between 
studies is the e ffe c t o f e ithe r instructing  subjects to  a tte m p t to 
relax the fron ta lis  muscles (Fridlund e t al. 1980) or giving 
subjects a more general instruction  to  relax w ithou t specifying 
the fron ta lis  muscles (Davis, 1980). However, Cooney (1983) 
compared specific  instructions to relax the fron ta lis  muscles w ith  
the general instruction  to  relax and reported no d iffe rence in 
in tegrated EMG levels achieved by two matched groups a fte r  three 
tra in ing  sessions.
D ire c t comparisons between re laxation studies can also be 
problem atic because a range of measures o f resting tone in the 
fron ta lis  have been used. The most common has been to  compute the 
mean EMG leve l fo r a session w ith  biofeedback compared w ith  a 
s im ilar period w ithou t biofeedback (Finley e t al., 1977; Davis 
1980; Fridlund e t al., 1980; Le Boeuf, 1980 a,b). An a lte rna tive  
technique used has been to  compute the drop in EMG levels over a 
session, fo r example, fo r the f ir s t  five  m inutes compared w ith  the 
mean fo r the last five  minutes (Glaus and Kotses, 1979). Carlson 
and Feld (1981) scored the EMG levels during sessions as a
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proportion o f the baseline level. A fu rthe r approach has involved 
a measurement o f the lowest EMG levels maintained fo r a specified 
period during the re laxation session, fo r example, the lowest 
score maintained fo r tw en ty seconds during a five  m inute period 
(Uchiyama e t al., 1981) or the lowest five  seconds o f each s ix ty  
second segment (Segreto-Bures and Kotses, 1982).
P articu la r problems o f analysis are posed by any study 
tha t involves tra in ing  over a number o f sessions, and in which the 
degree o f learning th a t has accrued is the main focus o f in te rest. 
Events unconnected w ith  the independent variable under 
investigation, such as m aturation, fa m ilia r ity  w ith  test, change 
in the measuring instruments and ce iling or floo r e ffec ts , could 
a ll m odify the results (Cook and Campbell, 1979). Scores could 
also be a ffected  by the phenomenom of regression towards the mean. 
Lord (1963) suggested tha t observed change scores are the re fo re  
unlike ly to measure the true  change th a t has taken place. However, 
change scores have been used as the dependent variab le in  some 
studies (Davies, 1980; Carlson and Feld, 1981; Carlson e t al.,
1983).
Cronbach and Furby (1970) stated em phatically, th a t i f  
possible, questions should be d iffe re n tly  phrased so th a t 
comparisons between observed change scores are not required. I f  
the experim ental groups had been randomly selected and did not 
d iffe r  s ign ifican tly  on pre-test measures, then a d irec t 
comparison o f post-test scores would serve the same purpose and
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circum vent the problems described previously. This strategy is 
obviously not possible i f  the groups being compared are not 
equivalent on pre-test measures fo r a reason in tr in s ic  to  the 
question under investigation, as m ight be the case where age 
cohorts are being compared or where change over sessions is o f 
prim e in te rest.
A number of a lte rna tive  techniques which can reduce these 
d iff ic u ltie s  have been suggested, where i t  is not possible to 
rephrase the question. Sage (1977) used the to ta l score over a 
tra in ing  period as a measure o f performance during m otor skills  
learning. This measure takes in to  account both sta rting  levels and 
f in a l achievements, and unlike gain scores, does not disadvantage 
subjects who were competent in it ia lly .  Lord (1967) advocated using 
analysis o f covariance (ANCOVA), where the e ffe c t o f the in it ia l 
differences in scores is e ffe c tiv e ly  partia lled  out, or held 
constant s ta tis tica lly , before the comparisons are made. This was 
also recommended by Huck and McClean (1975) as a more powerfu l 
a lte rna tive  to  an ANOVA of gain scores (used by Segreto-Bures and 
Kotses, 1982). Analysis o f covariance (ANCOVA) has been used in a 
few, more recent studies designed to assess the e ffica cy  o f EMG 
biofeedback in prom oting a reduction o f resting tone in the 
fron ta lis  muscles (H iebert and Fitzsimmons, 1981; Jones and Evans, 
1981; Holroyd e t al., 1982; Lacro ix e t al., 1983; Lustman and 
Sowa, 1983). Shirley e t al. (1982) used residualised scores over 
m u ltip le  tria ls , as they suggested tha t i t  was more precise to
adjust each score separately, ra ther than using covariates where 
the adjustment is based on a general relationship between scores 
fo r a ll tr ia ls  and scores fo r in it ia l sessions. However the use o f 
ANCOVA has been critic ised , pa rticu la rly  where i t  has been used to 
contro l fo r group differences th a t should have been dea lt w ith  by 
the experim ental design, e ithe r by random assignment, m atching 
pairs or blocking ra ther than a s ta tis tica l technique (Cronbach 
and Furby, 1970; Cook and Campbell, 1979). Cook and Campbell
(1979) warned tha t analysis o f covariance may not be robust to  
v io la tions o f assumptions about the homogeneity o f groups. They 
said tha t its  use w ill adjust fo r e rro r but w ill not make the 
groups equivalent. Cronbach and Furby (1970) re luc tan tly  allowed 
th a t i t  can help to reduce the resulting bias when groups are 
formed non-randomly. The use o f repeated measures ANOVA as a way 
o f assessing change has also been c ritic ised  by Huck and McClean
(1975) who said tha t there is a high probability  o f type tw o 
errors occurring, as the estim ated trea tm en t e ffec ts  w ill be only 
ha lf as large as they should be and the in te raction  F ra tio  fo r  
groups tim es tr ia ls  is rea lly  dealing w ith  the main e ffe c t o f the 
trea tm ent and w ill give the same result as the F ra tio  in an 
analysis o f gain scores. Cronbach and Furby fu rthe r proposed th a t 
the problem of o f selecting outstandingly good or bad individuals, 
could be dealt w ith  by the use o f regression techniques ra ther 
than the use o f d iffe rence scores and tha t th is would again 
obviate the need to  calculate true  individual changes.
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1.3 (3) RETENTION OF SKILLS LEARNED DURING TRAINING 
WHEN EMG BIOFEEDBACK IS WITHDRAWN.
The rev iew  o f re laxa tion studies so fa r has shown th a t i t  
is s t i l l  not possible to  state conclusively th a t EMG biofeedback 
is spec ifica lly  e ffe c tive  in reducing resting tone in the 
fron ta lis  muscles, although EMG biofeedback does appear, on 
balance, to be more e ffe c tive  in doing so than m otiva ting  
instructions. The second issue to  be considered here is one th a t 
was discussed earlie r in  th is chapter in re la tion  to the c lin ica l 
rehab ilita tion  studies. The questions o f whether or not any 
reductions in fron ta lis  resting tone could be maintained when 
biofeedback is w ithdrawn, both in the short te rm  in the laboratory 
and also on a long term  basis, are again o f in te res t i f  fro n ta lis  
EMG biofeedback tra in ing  is to be considered as a po ten tia l fo rm  
o f therapy. However, these issues have been considered ove rtly  in 
only a few studies (McGowan e t a l., 1979; Shirley e t a l., 1982 and 
Chen, 1983) or assessement has been possible only because the 
experim ental design included sessions w ithou t biofeedback 
(Hamburger and Lohr, 1981; H iebert and Fitzsimmons, 1981 Schandler 
and Dana, 1983). The results o f these studies are, as usual, 
equivocal.
Chen (1983) reported the e ffe c t o f d iffe re n t re tra in ing  
schedules on re tention o f gains made w ith  fron ta lis  EMG 
biofeedback. T h irty  four subjects were described as receiving 
eight, tw enty m inute EMG biofeedback tra in ing  sessions in which
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they attem pted to reduce resting tone in th e ir fron ta lis  muscles. 
Subjects were pre-tested in two, tw enty m inute sessions p rio r to 
tra in ing and on com pletion o f tra in ing  received a fin a l tw enty 
m inute post-test session. These pre -test and post-test sessions 
were conducted w ithou t biofeedback. Although i t  was not c learly  
stated, these th ir ty  fou r subjects were apparently recru ited from  
the fo r ty  e ight subjects described by Chen (1981). They had agreed 
to  pa rtic ipa te  in a fo llow -up study. Therefore the experim enta l 
design was complicated by the fa c t th a t some subjects received 
auditory biofeedback tra in ing , some received visual biofeedback 
tra in ing  and others, in the contro l group, received no biofeedback 
tra in ing  a t a ll. The numbers of each o f these three groups who 
partic ipa ted  in the fo llow -up tr ia ls  was not reported. A fte r  the 
post-test session the th ir ty  four subjects were assigned randomly 
to one o f three groups which received e ithe r re -tra in ing  EMG 
biofeedback sessions once every two weeks, once every four weeks 
or not a t a ll. The a lloca tion o f previous con tro l subjects to  the 
three re tra in ing  schedules was not described. A ll subjects were 
then re-tested w ithou t biofeedback a t the end o f e ight weeks. Mean 
fron ta lis  EMG levels were measured as the dependent variab le. Chen 
(1983) reported tha t there was no s ign ifican t d iffe rence between 
fron ta lis  EMG levels in three groups p rio r to re -tra in ing . The 
three re -tra in ing  schedules did not resu lt in any s ign ifican t, 
betWeen-group differences emerging. Each group maintained 
performance, and in fa c t s ligh tly  improved between the end o f
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in it ia l tra in ing  and the fo llow  up session. The only d iffe rence to 
emerge was tha t the two week re tra in ing  group showed greater gains 
than the four week re -tra in ing  group but not the no re -tra in ing  
group. However, any conlusions drawn from  th is study about the 
effectiveness o f the re -tra in ing  schedules must be questioned, 
because at least some o f the subjects may not have received 
biofeedback tra in ing  p rio r to  the re -tra in ing  period! However, the 
findings did ind ica te th a t skills  learned during biofeedback 
tra in ing  were transfered to  the post-test condition and were 
retained up to  e ight weeks a fte r cessation o f tra in ing.
Most o f the re laxation studies reviewed did not discuss 
transfer d irec tly , but they included in th e ir design periods 
w ithou t biofeedback in which fron ta lis  EMG levels were m onitored 
and subjects were instructed to  relax. Therefore, assessement o f 
transfer o f skills  learned w ith  biofeedback to the no-biofeedback 
condition was possible in investigations which included pre-test, 
post-test designs or running baseline measures. Evidence o f 
transfer was only looked fo r in studies th a t included a con tro l 
group tha t were given m otiva ting  instructions to re lax w ith  and 
w ithou t biofeedback because the other contro l conditions reviewed 
earlie r in th is section were described as being unsatisfactory.
Few studies were reviewed which f it te d  these specifications, 
Hamburger and Lohr (1981) were previously described as reporting  
tha t th e ir two groups which received EMG biofeedback tra in ing  had 
s ign ifican tly  lower levels o f fro n ta lis  resting tone a t post-test
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than a m otivated instruction  contro l group. Schandler and Dana
(1983) were also previously described as reporting th a t at 
post-test, the group th a t received EMG biofeedback tra in ing  showed 
s ign ifican tly  lower fron ta lis  EMG a c tiv ity  levels than the 
m otivated instruction  contro l group. H iebert and Fitzsimmons 
(1981) measured baseline levels each day w ithou t biofeedback in 
f ive  groups of ten subjects. One of the five  groups received 
auditory fron ta lis  EMG biofeedback tra in ing  and another was given 
m otiva ting  instructions to relax. Six, tw enty m inute tra in ing  
sessions were adopted. The design was complex and the other groups 
were given other form s o f re laxation tra in ing . The authors 
reported a s ign ifican t drop in baseline, fro n ta lis  EMG levels in 
the EMG biofeedback group over the six sessions which was not seen 
in the m otivated contro l group (or the other trea tm ent 
conditions). Therefore, these three studies also indicate th a t 
skills learned during EMG biofeedback tra in ing  were reta ined when 
biofeedback was removed.
McGowan e t al. (1979) and Shirley e t al. (1982) included 
post-tra in ing sessions w ithout EMG biofeedback in which fro n ta lis  
EMG levels were monitored in order to  see i f  the EMG biofeedback 
tra in ing  enabled subjects to reduce fro n ta lis  a c tiv ity  levels when 
subjected to  a stressful s ituation. Their findings were contrary 
in d irection. McGowan et al. (1979) compared a fron ta lis  EMG 
biofeedback group w ith  a contro l group which received m otiva ting  
instructions to re lax in a post tra in ing  session in which subjects
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were asked to  visualise a feared situation while a ttem pting  to 
keep fron ta lis  EMG levels low w ithou t biofeedback. They reported 
tha t fron ta lis  EMG a c tiv ity  levels were s ign ifican tly  lower in  the 
subjects who had received EMG biofeedback previously than in the 
contro l group. Shirley e t al. (1982) included two post-tra in ing 
stress phases in which subjects were threatened w ith  and received 
e le c tr ic  shocks. EMG a c tiv ity  levels in subjects who had received 
e ither m u ltip le  s ite  EMG biofeedback tra in ing , fron ta lis  EMG 
biofeedback tra in ing  or no tra in ing (a w a iting  lis t  con tro l group) 
were compared in the post-tra in ing stress sessions. Mean EMG 
levels in a ll three groups were s ign ifican tly  higher in  the stress 
sessions than the tra in ing  sessions. The reasons fo r the subjects 
in McGowan's study being able to transfer sk ills  learned during 
biofeedback tra in ing  to  the stress phase and the fa ilu re  of 
Shirley e t a l.'s  subjects to  do so could be due in part to  the 
differences in the severity o f stress imposed.
Other studies have provided evidence about re ten tion  o f 
skills  learned w ith  biofeedback a fte r a break in tra in ing .
Schilling and Poppen (1983) compared the effectiveness o f EMG 
fron ta lis  biofeedback tra in ing  w ith  Behavioural Relaxation 
Train ing (BRT) in anxious subjects recru ited v ia  a newspaper 
advertisement. BRT encouraged, through verbal instruction , a set 
o f ten overt behaviours, such as slow rhythm ic breathing, no 
vocalisations, no body movement, the head positioned in m id line 
and supported under the neck, eyes closed w ith  smooth eyelids,
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jaws relaxed and lips parted in the centre, no th roa t movement, 
shoulders s t i l l  sloped and even, hands curled and s t i l l  and fee t 
pointed away from  each other a t ninety degrees. The authors 
reported tha t both EMG biofeedback tra in ing  and BRT were equally 
successful in reducing resting tone in the fron ta lis  muscles in 
the in it ia l e ight tra in ing  sessions. In a fo llow -up session four 
to six weeks la te r, however the BRT subjects maintained th e ir 
gains w h ils t the EMG biofedback subjects showed a s ligh t but 
s ign ifican t increase in fron ta lis  resting tone. I t  is not clear 
from  th is report i f  biofeedback was provided in the last session 
or i f  testing took place w ithou t biofeedback. I t  is the re fo re  not 
possible to  draw conclusions about transfer o f skills although 
some re tention o f skills  learned w ith  biofeedback tra in ing  is 
evident. Borgeat e t al (1980), Ford e t al. (1982) and Lavallee e t 
al. (1982) a ll included fo llow -up sessions up to  two years a fte r  
the in it ia l tra in ing  sessions. However none o f these three studies 
measured performance w ithou t biofeedback a fte r a break in 
tra in ing. Therefore, although they each reported some reversal o f 
gains made during tra in ing  in the fo llow -up sessions, i t  was not 
possible to  decide i f  transfer o f tra in ing  had occurred.
The evidence from  these re laxation studies seems to  give 
some support to  the idea tha t both short-te rm  and long te rm  
transfer are possible. Skills learned during EMG biofeedback 
tra in ing  seem to be retained a fte r tra in ing  has finished. However, 
more systematic investigation o f the issue is needed before f irm
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conclusions can be drawn.
1.3 (4) SUMMARY
Further investigations, using e ither a tten tion  placebo or 
reduced sensitiv ity  contro l groups, are needed in order to  decide 
i f  EMG biofeedback is spec ifica lly  e ffe c tive  in reducing resting 
tone in the fro n ta lis  muscles. Whichever fo rm  of con tro l group is 
adopted, the instructions must be phrased so tha t the con tro l and 
experim ental groups are equally m otivated. The instructions and 
the experim ental design should also ensure tha t both experim enters 
and subjects believe tha t the contro l condition is as lik e ly  to  be 
as e ffe c tive  as the experim ental condition. E ither aud itory or 
visual modes o f biofeedback could be used as the evidence about 
the superiority o f one over the other is not clear. A period o f a t 
least tw en ty minutes to  allow  subjects to  adapt to the laboratory 
should be allowed and both pre-test and post-test and day-to-day 
running baseline measures should be adopted. A t least three and 
probably four tra in ing  sessions would seem to be advisable.
However, the length o f each session m ight depend on whether or not 
a repeated measures design was used. I f  such a design was chosen 
then shorter tra in ing  sessions, to ta llin g  six or e ight m inutes 
over the three or four days, would seem appropriate in order to 
reduce transfer o f skills  learned w ith  biofeedback to  the 
no-biofeedback condition because such transfer could mask changes 
in the experim ental condition. F ina lly, the questions to  be 
answered should be phrased in such a way tha t actual change scores
122
need not be computed. Rather, the design should a llow  comparison 
o f post-test scores to  serve the same purpose. Where th is is not 
possible analysis o f covariance could be used w ith  caution in 
order to  pa rtia l out group differences. A lte rna tive ly , where 
variance between groups is not homogeneous, to ta l scores could be 
compared. C orre lation and regression techniques could be used to  
id en tify  outstandingly good or bad subjects.
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CHAPTER 1 -  SECTION 4
MECHANISMS BY WHICH EMG BIOFEEDBACK MIGHT OPERATE 
IN INCREASING VOLUNTARY CONTROL OF MUSCLES.
.1.4 (1) Somatic and cognitive mediators
1.4 (2) The operant conditioning paradigm.
1.4 (3) The m otor skills analogy: predictions derived from
cardiovascular biofeedback studies.
1.4 (4) Summary.
The lack o f a clear theore tica l underpinning fo r the role 
of EMG biofeedback in increasing vo luntary contro l of muscles has 
already been iden tified  as an im portan t issue. E lucidation o f the 
way biofeedback operates could help to re fine  therapeutic 
techniques as w e ll as being o f academic in terest. Three models 
were described in the in troduction to th is chapter, the placebo 
paradigm (Inglis e t al., 1976; Alexander e t al., 1977; Davis,
1980; Qualls and Sheehan, 1979, 1981 a,b,c; Frank, 1982), the 
operant conditioning paradigm (Black e t al., 1977; C o tt e t al.,
1981; Hatch and Gatchel, 1981) and an awareness, sk ills  
acquisition paradigm (Pickard, 1979; Stilson e t al., 1980; Yates, 
1980; Hatch and Gatchel, 1981; Cohen and Sedlaceck, 1983). 
However, evidence supporting any o f these models is sparse. None 
of the studies reviewed so fa r have elim inated the possib ility 
tha t the placebo aspects o f EMG biofeedback tra in ing  are more 
im portan t but neither have they shown conclusively th a t the 
placebo e ffec ts  are o f sole consequence. Therefore, evidence about 
the operant and cognitive, skills  acquisition models w ill be 
reviewed in th is section. A lthough the main area o f in te res t in 
the present study is EMG biofeedback, evidence from  
cardio-vascular biofeedback studies w ill also be included because 
re la tive ly  few EMG biofeedback studies have focussed on 
theore tica l issues and concepts discussed in cardio-vascular 
biofeedback studies could be of relevance to EMG biofeedback 
studies.
I A  (1) SOMATIC AND COGNITIVE MEDIATORS.
The role o f cogn itive  and som atic mediators in increasing 
the contro l o f skeletal muscles w ith  biofeedback have ra re ly  been 
considered and the scanty evidence is contrad ictory. Passchier and 
Helm -Hylkem a (1981) demonstrated tha t fron ta lis  EMG levels were 
raised during periods o f stress im agination while P ritchard and 
Wood (1983) reported no change during an aud itory vig ilance task 
(although they reported an increase in occ ip ita l muscle tone). 
Winslow and Stephens (1983) reported evidence fo r a lack o f 
functiona l relationship between fron ta lis  EMG a c tiv ity  levels and 
a ltera tions in the ra te  o f abdominal breathing. These results are 
contrary to  those o f Schilling and Poppen (1983) who reported a 
s ign ifican t positive relationship between fron ta lis  EMG a c tiv ity  
levels and relaxed body positions. The evidence fo r the possible 
roles o f cognitive and somatic mediators is therefore both s ligh t 
and inconclusive.
l.fr (2) THE OPERANT CONDITIONING PARADIGM.
The operant model has been favoured by authors 
investigating contro l o f autonomic functions in animals (M ille r,
1978; G ottle ib  and Engel, 1979; Harris and Turkhan, 1981) and has 
also been discussed in re la tion to  contro l o f heartra te  in humans 
(Hatch and Gatchel, 1981; Brener, 1981; Johnston, 1977; Johnston 
and Lethem, 1981,1983; K im m el, 1981; and C o tt et al., 1981). Yates
(1980) iden tified  three ways in which the re in fo rc ing  ro le  o f 
biofeedback could be evaluated. F irs tly , the in fo rm ationa l and
123
re in fo rc ing  aspects o f the biofeedback signal could be separated 
and the effectiveness o f each compared. The in fo rm ationa l content 
o f the signal should be v ita l fo r learning in the skills  
acquisition model but not in the operant conditioning model. 
Secondly, the re la tive  effectiveness o f biofeedback and other 
re in fo rc ing  s tim u li such as monetary incentives could be compared. 
Biofeedback would be expected to be less than or equal to  a 
re in fo rcer in effectiveness in the operant model and more 
e ffe c tiv e  than a re in fo rcer in the skills model. Third ly, 
d iscrim ination o f levels o f a c tiv ity  developed during biofeedback 
tra in ing  would not be expected to  improve w ith  successful 
biofeedback tra in ing  in the operant model but would in the skills  
model.
U nfortunate ly, the re in fo rc ing  and in fo rm ationa l aspects 
o f the biofeedback signal have not been manipulated independently 
in order to test the f ir s t  prediction because of the d if f ic u lty  in 
separating the two aspects (Yates, 1980). Hatch and Gatchel (1981) 
emphasised tha t the two facets of the biofeedback signal are not 
m utually exclusive. Whenever in fo rm ation  about perform ance is 
presented, tha t in fo rm ation  may also act as a re in fo rcer or 
punisher. Conversely, binary biofeedback could be thought o f as 
acting as re in fo rcer, however, i t  w ill also au tom atica lly  provide 
in fo rm ation  about level o f performance. This d if f ic u lty  in 
separating the re in forc ing and in fo rm ationa l content of the signal 
has meant tha t th is particu la r line o f enquiry has not been
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pursued. The second area o f investigation has also not been 
f ru it fu l because findings have been inconclusive. Reinking and 
Kohl (1975),McCanne and Sandman (1975), Brolund and Schallow 
(1976), K im m el and MCauley (1979), Siddle and Wood (1979) and 
McKinney e t al. (1980) a ll concluded tha t money or tokens were 
more e ffe c tive  than the biofeedback in e ither succcessfully 
changing the ta rge t response or in producing a response o f a 
greater magnitude than biofeedback alone. Other authors found no 
d iffe re n tia l e ffe c t (Stephens e t al., 1975; Kondo e t al., 1975; 
Regestein e t al, 1973).
C o tt et al. (1981) attem pted to  m onitor the development of 
d iscrim ination o f levels o f a c tiv ity  during biofeedback tra in ing  
and reported tha t d iscrim ination o f occ ip ita l alpha wave 
production was not related to  voluntary contro l o f alpha wave 
production, a fte r the probab ility  o f alpha and non-alpha waves 
occurring was equated. Their subjects gained contro l w ithou t 
d iscrim inating the levels and the experimenters therefo re  
concluded, since awareness o f the response was lacking, th a t the 
operant conditioning paradigm was the most plausible. Middaugh et 
al. (1982) also reported tha t d iscrim ination o f levels o f 
contraction o f the abductor hallucis did not corre la te  w ith  
biofeedback success in increasing abduction o f the big toe and 
Lacro ix and Gowen (1981) reported s im ila r results fo r  skin 
conductance.
Therefore, a ll these studies fa iled  to  demonstrate a
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positive corre la tion between increased d iscrim ination o f level o f 
muscle tone and successful biofeedback tra in ing.
However, Pollard and Katkin  (1984) reported th a t success 
in re laxing the masseter muscles using EMG biofeedback m ight be 
re lated to  accuracy o f d iscrim ination o f level o f tone in those 
muscles. They maintained, as a result o f a f ir s t  experim ent, tha t 
EMG biofeedback was more e ffe c tive  in reducing tone in the 
masseter muscles than in the laryngeal muscles while ta lk ing. Two 
groups o f ten subjects received aud itory EMG biofeedback, the 
f ir s t  from  the masseter muscles and the second from  the laryngeal 
muscles. A th ird  contro l group received no biofeedback. Subjects 
partic ipa ted  in one tra in ing  session o f ten tr ia ls  in which they 
read out selected passages and the two biofeedback groups were 
instructed to try  to  keep the tone turned o ff.  A ll groups were 
instructed to try  and relax th e ir  fa c ia l muscles. EMG a c t iv ity  
levels were m onitored in the laryngeal and masseter muscles in a ll 
three groups and the d iffe rence between resting scores and t r ia l 
scores was used as the dependent variable. Laryngeal EMG 
biofeedback was reported as no more e ffe c tive  than masseter EMG 
biofeedback or no biofeedback in reducing tension levels in the 
laryngeal muscles. The masseter EMG biofeedback group achieved 
s ign ifican tly  greater reductions in masseter EMG a c tiv ity  levels 
than the laryngeal biofeedback group but surprisingly not than the 
contro l group. The authors concluded tha t masseter biofeedback 
must have operated specifica lly  because laryngeal biofeedback
128
should have provided a contro l fo r placebo e ffects .
A detailed exam ination o f the results o f Pollard and 
Katkin  (1984) does not however support th e ir conclusion th a t the 
specific  e ffec ts  o f masseter biofeedback were contro lled fo r by 
the laryngeal biofeedback group. The masseter EMG levels recorded 
in th a t group were higher during ta lk ing than equivalent levels in 
the contro l group. The laryngeal biofeedback subjects m ight have 
concentrated on reducing tone in the ir laryngeal muscles and 
therefore  fa iled  to  a tte m p t to re lax the ir masseter muscles. The 
elevated masseter EMG levels in th is group could have been 
su ffic ien t to  give rise to  the s ign ifican t differences between i t  
and the masseter biofeedback group. The lack o f s ign ifican t 
d iffe rence between the contro l and masseter biofeedback groups 
could have occurred because the masseter EMG levels in  the con tro l 
group were not raised and EMG masseter biofeedback was 
in e ffec tive , possibly because in su ffic ien t tim e was allowed fo r 
tra in ing.
The authors however, suggested th a t the fa ilu re  to  reduce 
EMG levels in the laryngeal muscles could have occurred because 
these muscles m ight have 'less good a ffe ren t innerva tion1 than the 
masseter muscles. They postulated tha t therefore  subjects m ight be 
less able to  d iscrim inate degree o f contraction in the laryngeal 
muscles. They also proposed tha t subjects m ight be less fa m ilia r  
w ith  attem pts a t making fine adjustments to tension levels in the 
laryngeal muscles than the masseter muscles. The evidence th a t
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triggered these proposals was not described. A second experim ent 
was then attem pted in which six subjects were tested on 
discrim ination o f tension levels in both the masseter and the 
laryngeal muscles. A repeated measures design was adopted and the 
order in which the two muscles were tested was counterbalanced. 
Each subject partic ipa ted  in th ir ty  three tr ia ls  fo r each muscle.
An active  task was used in which subjects attem pted to m atch level 
of muscle tone to  ta rge t levels. Target levels were set by asking 
subjects to  imagine a percentage scale from  0 to 100 which 
represented levels o f tone in the ta rge t muscle from  to ta l 
re laxation to  maximum contraction. Percentages were then displayed 
to  subjects from  0 to 100 in units of ten and subjects were asked 
to  use what ever strategy they wished to match tone in e ithe r 
th e ir masseter or laryngeal muscles w ith  the ta rge t level set on 
the screen. Once the subject thought th a t a m atch had been 
achieved they were asked to push a button and hold the contraction  
steady fo r three seconds during which EMG levels were m onitored. A 
highly s ign ifican t positive corre la tion between level o f tone 
produced and level o f tone required was reported fo r the masseter 
muscle but not fo r the laryngeal muscle.
Pollard and Katkin  (1984) concluded tha t subjects were 
indeed able to discrim inate masseter tone more accurate ly than 
laryngeal tone and they speculated tha t th is d iffe rence in a b ility  
to discrim inate levels of tone in the two muscles m ight have 
produced the d iffe re n t biofeedback results. However, although
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Pollard and Katkin  reported good d iscrim ination o f levels o f tone 
in the masseter muscles they did not convincingly show masseter 
EMG biofeedback to  be e ffe c tiv e  in reducing muscle tone. I t  is 
therefo re  not possible to  re jec t the operant conditioning paradigm 
on the basis o f th is evidence. However, i t  is also not possible to 
accept th is model because a lte rna tive  explanations could be given 
fo r the contrad icto ry results described so fa r.
The accurate d iscrim ination o f responses reported in the 
last study w ith  the masseter muscle was contrary to  the other 
studies reviewed which re lied on a verbal report o f leve l o f 
muscle tone. I t  is possible th a t the active  d iscrim ination task 
used by Pollard and Ka tk in  (1984) m ight have assessed aspects o f 
d iscrim ination tha t could not be tapped verbally. P lo tk in  (1981) 
explored the concepts o f awareness, d icrim ina tion  and vo luntary 
contro l and concluded on log ica l and conceptual grounds th a t 
awareness did not neccessarily im ply consciousness. If one 
succeeds in contro lling  a process then a basis fo r doing so must 
exist and tha t basis must involve d iscrim ination o f some aspect o f 
the response its e lf, or o f a re lated event. P lotkin equated 
awareness and discrim ination and separated these concepts from  
ideas o f consciousness. If  d iscrim ination is not neccessarily a 
conscious event then the in a b ility  o f subjects to  report levels o f 
muscle tone accurately is not surprising.
However, th is explanation is not supported by the findings 
o f Stilson e t al. (1980) who reported a lack o f s ign ifican t
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relationship between the a b ility  o f subjects to d iscrim inate tone 
in the fro n ta lis  muscles using an active  procedure and the a b ility  
to relax the fron ta lis  muscle using EMG biofeedback. Pollard and 
K a tk in  also reported poor d iscrim ination in an active  task w ith  
the laryngeal muscles. I t  is possible th a t the laryngeal and 
fron ta lis  muscles are in some way d iffe re n t to the masseter 
muscles. Only fu rth e r investigation w ill help to  unravel the 
reasons fo r  these contrad ic to ry  findings.
1.4 (3) THE MOTOR SKILLS ANALOGY: PREDICTIONS DERIVED 
FROM CARDIOVASCULAR BIOFEEDBACK STUDIES.
Evidence to  support the view th a t skills learned w ith  EMG 
biofeedback are acquired in a way analogous to tha t in which m otor 
skills are acquired w ithou t biofeedback is even scarcer and 
therefore  predictions derived from  cardiovascular biofeedback 
studies w ill be considered. These fa ll in to  three categories.
F irs tly , Johnston and Lethem (1981, 1983) tested a series 
o f predictions developed by Johnston (1977) about how learning to  
decrease in terbeat in te rva l (IBI) should proceed i f  the m otor 
skills analogy is correct. Johnston and Lethem (1981) postulated 
tha t simple cardiovascular biofeedback tasks requiring only a 
d irectiona l response o f unspecified magnitude (a closed task 
equivalent to learning to  push a lever) would be acquired 
operantly and biofeedback would there fo re  play a re in fo rc ing  role. 
However, more complex tasks which demanded a graded response o f a 
pa rticu la r magnitude would be acquired in a way analogous to  tha t
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in which skilled m otor tasks are acquired w ithou t biofeedback. In 
the la tte r  case the in fo rm ationa l content o f the biofeedback would 
be v ita l. They therefore  predicted th a t in such a complex task 
precision o f contro l would increase w ith  practice  u n til the 
asym ptotic level o f performance was reached. That is, a typ ica l 
learning curve would be expected. Knowledge of results would be 
v ita l fo r acquisition o f the sk ill and therefo re  low levels o f 
in fo rm ation  should result in more gradual acquisition o f a sk ill 
than higher levels o f in fo rm ation . Subjects should therefo re  
perform  be tte r and acquire the response more rapid ly w ith  analogue 
than visual biofeedback.
Johnston and Lethem (1981) reported a complex series o f 
experiments in which they tested these predictions. They used a 
task which required changes o f specific  magnitude and d irection . 
Visual biofeedback was presented via a VDU on which the ta rg e t was 
represented as a centra l ve rtica l line. In an analogue biofeedback 
condition a horizontal line showed the deviation of the subjects 
response from  the ta rge t level. The maximum deviation allowed, o f 
plus or minus two hundred and f i f t y  six m illiseconds was shown by 
two shorter ve rtica l lines e ither side o f the centra l line and 
when the subjects response was w ith in  these lines the word 'h it ' 
appeared on the screen. During binary biofeedback subjects only 
saw the word 'h it ' on the screen when th e ir IBI was w ith in  the 
ta rge t lim its . Interm ediate levels o f in fo rm ation  were provided 
when biofeedback was provided e ither on every f i f th ,  ten th  or
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f i f t ie th  cardiac cycle. The ta rge t heart ra te  level was set so 
th a t subjects could easily meet the ta rge t and was changed a t the 
end o f each t r ia l to  match the fo rt ie th  percentile  point o f the 
preceeding resting IBI. The shaping o f the ta rge t leve l allowed 
fo r a decrease in IBI over sessions. Subjects provided w ith  
analogue biofeedback were instructed to  increase heart ra te  to  a 
precise level s ligh tly  above tha t o f the ir resting ra te , the 
ta rge t was explained and they were instructed to keep heart ra te  
a t the ta rge t level i f  a t a ll possible. The binary biofeedback 
group were also given s im ila r instructions but w ithou t reference 
to  the analogue display. No restric tions were were placed on how 
the change in heart ra te m ight be achieved and there fo re  som atic 
m ediation was not e lim inated.
In a f ir s t  experiment, ten subjects were given analogue 
biofeedback and ten binary biofeedback in four, tw ice  weekly, 
tra in ing  sessions o f tw enty seven minutes. Each session was 
divided in to  a six m inute baseline period followed by three, f iv e  
m inute tria ls  separated by three m inute in te r tr ia l rest periods. A 
s ign ifican t d iffe rence between binary and analogue biofeedback in 
the percentage o f beats tha t fe ll w ith in  the ta rge t was reported. 
Analogue biofeedback was c learly  superior to binary biofeedback 
when results o f the four sessions were summed. However, no 
s ign ifican t d iffe rence between the binary and analogue biofeedback 
groups was reported fo r rate o f acquisition. Both groups im proved 
over sessions and w ith in  tria ls . Therefore, only one o f the
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predictions was satisfied. Johnston and Lethem (1981) suggested 
tha t the lack of d iffe rence in ra te  o f acquisition between 
analogue and binary biofeedback could have resulted from  the fa c t 
tha t m otiva tion  in the subjects who received analogue biofeedback 
m ight have reduced during tra in ing  as a result o f the shaping 
procedure whereas the binary group did not receive in fo rm ation  
about the change in ta rge t and therefore th e ir m otiva tiona l levels 
should not have been a ffected .
Therefore a constant ta rge t was used in the next four 
experiments. The second experiment w ill not be described because 
the authors reported th a t levels o f performance in th is  experim em t 
were very low throughout. They a ttribu ted  th is to low levels o f 
m otivation in a ll subjects and described the results as 
unreliable.
The next tw o experiments re-examined the e ffe c ts  o f level 
o f in form ation on contro l o f IBI when the ta rge t was held 
constant. In the th ird  study, three groups o f subjects were 
selected. One group received fu ll analogue biofeedback. The second 
received analogue biofeedback on every f i f t ie th  cycle (called 
discontinuous analogue biofeedback) and the th ird  group received 
binary biofeedback. Three tra in ing  sessions were given each 
consisting o f a four m inute baseline period followed by six 
four-m inu te  t r ia l periods each separated by one and a ha lf m inute 
in te r tr ia l rest periods. In a th ird  session ha lf o f the subjects 
in each group o f tw elve switched to an a lte rna tive  level o f
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biofeedback in form ation.
Results from  the f ir s t  two sessions were s im ila r in 
d irection to  the f ir s t  experiment. The m otor skills  analogy was 
supported because analogue biofeedback resulted in s ign ifican tly  
greater percentage o f beats on ta rg e t than the binary biofeedback. 
Mean differences between each IBI and the ta rge t IBI (called the 
average deviation) in the analogue and binary groups were also 
s ign ifican tly  d iffe ren t. The analogue group were closer to  the 
ta rge t. However, no s ign ifican t differences were reported between 
the continuous and discontinuous analogue biofeedback on any 
measure although the discontinuous group performed at a 
consistently lower level than the continuous group. Evidence about 
the e ffe c t o f level o f in fo rm ation  on ra te  o f acquisition was 
unclear. The results from  the th ird  session showed continuous 
biofeedback to be superior to  discontinuous on both measures o f 
percentage o f beats on ta rge t and average deviation. The 
percentage o f beats on ta rge t dropped on removal o f biofeedback to  
a level tha t was comparable to the levels shown by the binary 
biofeedback group.
The com plexity o f the design made in te rp re ta tion  
d if f ic u lt .  However, the authors suggested tha t replacing 
continuous biofeedback w ith  discontinuous biofeedback resulted in 
a drop in performance tha t was akin to  the drop in perform ance 
tha t would result from  removing the visual stimulus during a 
tracking task. They therefore suggested tha t subjects would be
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unable to  carry out the task w ithou t biofeedback and tested this 
proposal in an experim ent in which they compared continuous 
biofeedback w ith  instructions to  decrease in terbeat in te rva l. A 
repeated measures design was adopted in which subjects only 
received one tra in ing  session o f six tr ia ls  in each condition. 
Biofeedback was shown to  be much more e ffe c tive  than instructions 
alone on both measures. Therefore, i f  the instructions to  the 
subjects were adequate, biofeedback in fo rm ation  was v ita l in order 
fo r the task to be executed. A s ign ifican t t r ia l e ffe c t was 
reported both w ith  and w ithou t biofeedback. Therefore, the t r ia l 
e ffec ts  reported in the previous experiments would best be 
in terpreted as resulting from  a sh ifting  baseline ra ther than from  
any aspect o f the biofeedback tra in ing. No d iffe rence in ra te  o f 
learning between the two conditions was reported.
Johnston and Lethem (1981) concluded as a result o f these 
experiments tha t the greater the level o f in form ation provided by 
the biofeedback the be tte r the overa ll level o f perform ance but 
the level of in fo rm ation  did not convincingly a ffe c t ra te  o f 
acquisition o f the task. They therefo re  proposed th a t the 
biofeedback was providing in fo rm ation  about the required goal and 
so aiding performance rather than enabling subjects to  acquire a 
new response. They a ttribu ted  th e ir findings to  the fa c t th a t they 
had required subjects to  make graded, d irectiona l responses and 
suggested tha t biofeedback could act m ainly as a re in fo rce r in 
purely d irectiona l tasks.
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Johnston and Lethem (1983) therefo re  las tly  tested the 
assumption tha t the prim ary role of biofeedback in a task th a t was 
only d irectiona l was to ac t as an incentive to  subjects whereas 
the major role of biofeedback in a d irectiona l task th a t also 
demanded a specific  graded response was an in fo rm ationa l one. A 
repeated measures design was again adopted. Sixteen subjects 
underwent two sessions o f biofeedback tra in ing  in which they 
attem pted to produce a maximal response and two in which they 
attem pted to reduce in te rbeat in te rva l by a specific  amount (to 
produce IBI's close to the fo rt ie th  percentile), the order being 
counterbalanced. The ta rg e t in th is experim ent consisted o f a 
scale numbered one to nine, and a line beneath which varied in 
length in resonse to changes in IBI. The ta rge t throughout was 
number four on the scale. Each session consisted o f tw e lve tr ia ls .
Of these tw elve the f ir s t  two were practice  tr ia ls  and then 
biofeedback was provided randomly fo r f ive  o f the remaining tw elve 
tria ls . In one o f each o f the sessions fo r each biofeedback 
condition subjects were given additional monetary incentives on 
three tr ia ls  w ith  and three w ithou t biofeedback. I t  was predicted 
tha t the additional incentives would im prove perform ance w ithou t 
biofeedback where a maximal change was required but not where a 
specific  change was asked fo r.
Biofeedback was found to  be s ign ifican tly  more e ffe c tiv e  
than m otiva ting  instructions in both tasks but the de te rio ra tion  
o f performance when biofeedback was removed d iffe red  on the tw o
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tasks. A n inety percent drop was seen in the specific  condition 
whereas only a 14 percent drop was recorded in the maximum change 
condition. The incentives s ign ifican tly  enhanced perform ance both 
w ith  and w ithou t biofeedback in the maximal change condition 
although the money did not reduce the d iffe rence between 
performances w ith  and w ithou t biofeedback. No s ign ifican t e ffe c t 
o f incentive was reported fo r the specific  condition. The v ita l 
role o f the in fo rm ationa l content o f the biofeedback and the lack 
o f e ffe c t o f additional incentives in the specific  task led the 
authors to  suggest tha t the findings could be in te rpre ted  w ith in  
the general fram ework o ffe red by the m otor skills analogy and they 
recommended the use o f specific  tasks as more appropriate fo r 
testing the m otor skills  analogy than m axim al change tasks.
The series o f experiments conducted by Johnston and Lethem 
(1981, 1983) did not provide incontrovertable evidence to  support 
the view th a t a ll biofeedback learned contro l o f cardiovascular 
function was acquired in the same way as a skilled m otor task. 
However, they provided su ffic ien t evidence to  w arrant fu rth e r 
investigations in to  the way specific  and d irectiona l tasks are 
learned.
"A
A second category of prediction fo r testing the m otor 
skills analogy was based on a suggestion made by Schwartz e t al.
(1976) which in turn  was derived from  proposals made by Fleishman 
(1972). Fleishman (1972) iden tified  underlying ab ilities  th a t went 
to make up a m otor sk ill, such as strength and endurance, contro l
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precision, response orien ta tion, rate contro l, steadiness and 
aim ing. Strength and endurance were described as holding as great 
a change as possible fo r as long as possible. Contro l precision 
was described as involving the a b ility  to make rapid and precise 
fine  adjustments. Response orien ta tion was described as comprising 
rapid d irectiona l d iscrim ination and orien ta tion  o f pa tte rn  
movements while ra te  contro l was described as the tim ing  of 
muscular adjustments in response to  change in speed or d irection  
o f a moving ta rge t. Steadiness was considered to invove making 
precise positioning movements w ith  the minimum o f v a r ia b ility  in 
situations where strength and endurance were m inimised. F ina lly , 
aim ing was described as the a b ility  to place a dot in  a ta rge t 
c irc le , fo r example. Fleishman proposed th a t p ro fic iency a t a 
m otor sk ill m ight depend on more than one underlying a b ility  and 
th a t the ra te  o f learning associated w ith  d iffe re n t ab ilities  
could vary.
Schwartz e t al. (1976) examined th is suggestion while 
testing the role o f biofeedback in gaining voluntary con tro l o f 
cardiovascular functions. They predicted tha t cardiac reaction 
tim e  m ight be acquired separately from  strength and endurance. 
Consequently, learning a sk ill involving cardiac reaction tim e  
should not a ffe c t subsequent learning o f a second task invo lv ing 
strength and endurance. Cardiac reaction tim e  was measured as 
subjects attem pted to  increase or decrease heart ra te  as rap id ly  
as possible while the strength and endurance task involved holding
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a maximal increase or decrease fo r the period o f a m inute. 
Improvement o f contro l in the tw o conditions was measured and the 
extent to  which a b ility  to  learn one task was transfered to the 
other task was also assessed. I t  was reported tha t learning to  
perform  one task had a s light de trim enta l e ffe c t on a b ility  to 
learn the second task. I t  was also reported tha t strength and 
endurance improved most when increased heartra te was demanded 
while cardiac reaction tim e  was most successfully a ltered when 
decreases were demanded. Schwartz e t al. (1976) there fo re  
described th e ir findings as supporting the m otor sk ills  analogy 
because the underlying ab ilities  did seem to  be acquired 
separately. They also suggested tha t th e ir results did not support 
the view th a t the prim ary way in which biofeedback tra in ing  
operated was to enhance awareness o f changes. They maintained th a t 
biofeedback tra in ing  on one task should have resulted in be tte r 
performances on the second task, i f  awareness had improved.
A d iffe re n t way o f phrasing the question asked by Schwartz 
e t al. (1976) would be to ask whether or not competence a t using 
biofeedback could be described as a un ita ry tra it.  This question 
does not seem to  have been asked in th is way. However, the answer 
could be im portant, not just in assessing the m otor skills  
analogy, but also from  a c lin ica l view point i f  the answer was 
positive. I t  would be very convenient to tes t the biofeedback 
a b ility  o f subjects or patients on a simple task, and then to  use 
the results to decide i f  biofeedback therapy was indicated as
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being a good choice.
The results from  cardiovascular biofeedback studies do not 
provide f irm  evidence fo r  or against the idea tha t biofedback 
a b ility  involves a un ita ry tra it.  Studies o f vo luntary contro l o f 
heart ra te  have o ften  incorporated a b i-d irec tiona l task, but only 
a few  have reported whether or not a b ility  to increase heart ra te  
is corre lated w ith  a b ility  to decrease heart rate, (Johnston,
1976; Surw it e t al., 1976; Lang and Twentyman, 1976; C arro ll e t 
al., 1979; and Levenson and D itto , 1981). Of these, only Johnston
(1976) reported substantial and consistent b i-d irec tiona l changes. 
U nfortunate ly these changes occurred early in tra in ing and did not 
seem to  be linked to the biofeedback provided. The other studies 
a ll reported re liab le increases in heart ra te  but much more 
inconsistent decreases, and therefo re  poor corre lations could be 
assumed. I t  was suggested by these authors tha t a b io log ica l 
constra in t m ight prevent the voluntary lowering o f heartra te  below 
a level th a t could be damaging to  the individual which could have 
produced the reported lack o f relationship.
Therefore these results may not be pertinent to  studies o f 
systems where such restric tions do not operate and where reduction 
in resting tone can, theore tica lly , continue u n til the muscles are 
e le c tr ica lly  silent. Studies o f EMG biofeedback do not seem to 
have examined performance on two tasks w ith  the same muscle, apart 
from  the investigation o f Shedivy and Kleinman (1977). They 
trained subjects to increase or decrease resting tone in the
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fron ta lis  muscles using aud itory biofeedback in order to measure 
concom itant changes in neck muscle resting tone. They described 
th a t consistent decreases and increases from  baseline levels 
occurred in the same subjects. However, they did not report the 
evidence on which they based th is  statem ent. C learly more research 
is needed to  elucidate th is point.
A th ird  category o f predictions is derived from  Sage
(1977) who described well-learned m otor skills as remarkably 
resistant to  being fo rgo tten . He suggested tha t they may even 
exh ib it the phenomenon o f reminiscence in which im provem ent in 
performance is shown a fte r a period w ithou t practice. I f  EMG 
biofeedback brings about increased contro l o f a response in a way 
analogous to  tha t in which skilled m otor actions are acquired, 
then reminiscence m ight be predicted. This phenomenon does not 
seem to  have been looked fo r e ither in heartra te  or EMG 
biofeedback studies. Examination o f the degree to which sk ills  are 
retained and even improved on a fte r a period w ithou t EMG 
biofeedback tra in ing  could provide additional evidence about the 
m otor skills  analogy.
1A (4) SUMMARY
The m a jo rity  o f studies th a t have been reviewed in th is  
section have investigated the way in which biofeedback was 
involved in the acquisition o f contro l o f cardiovascular function .
I t  would therefore be of in te rest to  tes t some of the predictions 
in equivalent investigations in to  the use o f EMG biofeedback to
improve contro l o f muscles.
Comparison o f two tasks, one tha t required a graded, 
d irectiona l response (called the specific  task from  now on) and 
one tha t only required a maximal d irectiona l response (called a 
d irectiona l task) would a llow  some o f the predictions described 
previously to be tested. I f  EMG biofeedback works though operant 
conditioning in d irectiona l tasks and in a way analogous to  tha t 
in which m otor skills  are acquired in specific  tasks then the 
fo llow ing results would be expected. Only the specific task 
should show a typ ica l learning curve and exh ib it the phenomenon of 
reminiscence. An exam ination o f the e ffe c ts  o f removing 
biofeedback on the two tasks would a llow  assessment o f whether or 
not biofeedback was v ita l fo r performance of the task. I f  the 
specific  task was equivalent to a tracking task in which the 
in fo rm ationa l content o f the biofeedback was essential fo r 
demonstrating the goal then removal o f biofeedback should result 
in a much greater drop in performance than removal o f biofeedback 
during a purely d irectiona l task. A specific  and a d irec tiona l 
task could be construed as requiring d iffe re n t underlying 
ab ilities . I f  the same subjects attem pted both tasks then a 
comparison o f the ir performance on each would enable assessment o f 
the degree to  which the a b ility  to  use biofeedback depends on one 
or more underlying ab ilities . A specific  task has s im ila r 
characteris tics to the active d iscrim ination task described by 
Stilson e t al. (1980) and Pollard and Ka tk in  (1984). A comparison
of im provement in a b ility  to m eet set targets w ith  one biofeedback 
task could be compared w ith  the a b ility  to  use the biofeedback in 
a d iffe re n t task and so assess the way d iscrim ination develops 
during biofeedback tra in ing . I f  d iscrim ination does increase then 
the degree o f im provem ent shown on the two tasks should be 
positive ly corre lated.
CHAPTER 1 -  SECTION 5
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A recurring theme in the studies reviewed so fa r has been 
th a t EMG biofeedback tra in ing  is not equally successful w ith  a ll 
subjects or patients. The d iffe re n tia l successes o f EMG 
biofeedback tra in ing  reported in the rehab ilita tion  studies 
reviewed in section two o f th is  chapter could be a ttr ib u te d  to 
d ifferences in type and severity o f the medical problems, the tim e  
elapsed a fte r onset of the problem and the nature o f physiotherapy 
received p rio r to biofeedback tra in ing. Basmajian e t al. (1975) 
and Burnside e t al. (1982) also indicated tha t age and level o f 
m otiva tion  m ight influence outcome of trea tm en t w ith  EMG 
biofeedback in stroke patients. The O ntario Crippled Children's 
Centre (O.C.C.C.) (1977) id en tified  age or stage o f development, 
in te lligence, self-esteem, locus o f contro l and level o f 
m otiva tion  as parameters th a t could be o f potentia l im portance in 
selecting young patients who would be like ly  to benefit from  
biofeedback tra in ing. Level of m otiva tion  was also described by 
F inley e t al. (1976,1977) as a v ita l fa c to r in the outcome o f EMG 
biofeedback tra in ing  w ith  cerebral-palsied children.
The studies reveiwed in section three o f th is chapter, 
which used EMG biofeedback in attem pts to reduce resting tone in 
the fron ta lis  muscles o f normal subjects, also indicated tha t 
normal subjects are not a ll equally successful in reducing resting 
tone in the fron ta lis  muscles. Therefore the d iffe re n tia l results 
o f tra in ing  in the c lin ica l studies could also be due to  
individual differences unconnected w ith  medical problems, which
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m ight a ffe c t performance w ith  EMG biofeedback. Individual 
d ifferences which have been investigated have included 
m otiva tiona l level (Alexander e t al., 1975), im aginative capacity 
(Qualls and Sheehan, 1981 b,c), capacity fo r absorbed a tten tion  
(Davis, 1980), locus o f contro l (Carlson, 1977; Z im et, 1979;
Carlson and Feld, 1981), state and t ra i t  anxiety measures 
(Alexander e t al., 1975; Levenson and D itto , 1981), in traversion 
and extraversion scores (Le Boeuf, 1977; Lavallee e t al., 1982). 
Aggression and sensation seeking were also investigated in studies 
o f cardiovascular biofeedback (Pardine, 1980; Stern e t al., 1981).
Sex differences in the a b ility  o f subjects to reduce resting tone 
in the fro n ta lis  muscle w ith  EMG biofeedback have also been 
reported occasionally (O'Connell e t a l., 1979; Davis, 1980;
Uchiyama et al., 1981; H iebert and Fitzsimmons, 1981; Montgomery 
e t al., 1982). Evidence fo r the way any o f the above facto rs  
in te ra c t w ith  the biofeedback in fo rm ation  to  produce d iffe re n tia l 
results o f tra in ing  is scanty and the findings are inconclusive. 
Therefore, only the im portance o f stage of development, sex 
differences and personality fac to rs  w ill be reviewed in th is 
section.
1.5 (1) THE EFFECT OF STAGE OF DEVELOPMENT ON THE 
OUTCOME OF BIOFEEDBACK TRAINING.
Simard (1969) investigated developmental d ifferences in 
biofeedback a b ility  in a sample o f f i f t y  one children aged from  
tw o and a ha lf to tw elve years. This study was essentially a case
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study tha t lacked any s ta tis tica l analysis o f the results. I t  is 
therefore  not possible e ither to id en tify  the cause o f the 
reported changes or to  define clear developmental patterns. 
However, some age differences were reported. Needle electrodes 
were used to record the f ir in g  o f single m otor units (SMU's) in 
the rig h t trapezius or the rhomboid muscles. Aud ito ry and visual 
biofeedback via  an oscilloscope and a loudspeaker were provided 
and the children were required to isolate and increase the 
a c t iv ity  of individual SMU's and reduce background tone in a given 
muscle. A ll children were described as able to reduce resting tone 
and ninety percent were reported as repeatedly being able to 
isolate the a c tiv ity  o f a SMU. Four children, aged two and a half, 
four and a ha lf, seven and eleven years were unable to iso late a 
single m otor un it although a child o f three and ha lf years o f age 
was able to accomplish this fo r  a few  seconds w ith  a maximum 
concerted e ffo r t .  The children were described as showing the same 
sk ill as adults (Simard and Ladd, 1969a)) but as being less able 
to m aintain the ir achievements. Simard (1969) suggested th a t seven 
to nine year olds performed best on a task o f relaxing the 
rhomboid muscle and isolating the action potentia l o f a single 
m otor un it while drinking a glass o f water w ith  th e ir elbow on a 
table.
In another case study, Fruhling e t al (1969) worked w ith  
twelve normal subjects aged three to f ive  years old. Three muscles 
were m onitored in each subject although the authors were only able
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to  insert needle electrodes in to  six f ir s t  dorsal interosseus 
muscles o f the hand, one trapezius muscle and five  rhomboid 
muscles. Surface electrodes were therefo re  used w ith  the rest. A ll 
subjects, except fo r the three youngest, learned to increase and 
decrease EMG a c tiv ity  vo lun ta rily  and to  isolate single m otor 
units. However, the young children were described as not being 
able to m aintain contro l fo r any length o f tim e. Problems of 
boredom and fa tigue meant tha t sessions were sometimes reduced in 
length and the authors concluded th a t s ta tis tica l analysis o f 
results was not possible because o f the v a ria b ility  tha t resulted 
from  working w ith  the very young children. They concluded tha t 
four and five  year olds were able to isolate and contro l single 
m otor units as long as they maintained a tten tion .
A part from  these two studies on normal children, the only 
other evidence about the effectiveness o f EMG biofeedback in 
increasing voluntary contro l o f muscles in children is th a t 
derived from  the study o f Finley e t al. (1977) w ith  cerebral 
palsied children aged six to ten years and the study by C raig and 
C leary (1982) on three s tu tte re rs  aged ten to fourteen years which 
were reviewed in section two of th is chapter. U n fortunate ly, as 
only four patients were trea ted in the f ir s t  study and three in 
the second i t  was not possible to draw any conclusions about the 
possible im portance of stage o f development. Therefore in d irec t 
evidence w ill be considered.
Laszlo and Bairstow (1980) investigated developmental
149
patterns in kinaesthetic sens itiv ity  and kinaesthetic memory in 
subjects aged five  to twelve years and in adults. Both ab ilities  
could be im portan t in biofeedback tasks. K inaesthetic se n s itiv ity  
was measured by a passive task. They placed the ir hands in  a 
covered box on two ramps whose angle could be adjusted by the 
experim enter to  two d iffe re n t heights. Subjects were then asked to  
indicate which ramp was set a t the steepest angle. K inaesthetic 
memory was measured by a task in which subjects were required to  
fo llow  a maze, which was again covered by a box, w ith  a stylus. 
The c ircu la r maze was then rota ted to  a d iffe re n t position and 
subjects were required to  reposition the maze as closely as 
possible to  the orig ina l. Laszlo and Bairstow reported th a t th a t 
both perceptual ab ilities  and kinaesthetic memory increased 
s ign ifican tly  w ith  age. Perceptual skills  approached adult 
standards by the age o f seven as the five  to  six year olds form ed 
a sub-group d is tinc t from  the rest o f the children and adults. 
However, memory ab ilities  continued to improve considerably past 
th a t age and the adults also form ed a d is tinc t sub-group on th is  
measure. Laszlo and Bairstow (1980) also reported wide ind iv idual 
variations in each age group. The best five  year old's sens itiv ity  
score approached tha t o f the best adult, while some adults were 
considerably worse than the best children a t the memory task. I f  
k inaesthetic sens itiv ity  and memory were ab ilities  th a t were 
im portan t in learning o f biofeedback skills, then competence a t 
biofeedback tasks m ight therefore  also be expected to  show a
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s im ila r developmental pattern  and a wide range o f individual 
varia tion  in biofeedback competence in each age group would also 
not be unexpected.
These few  studies ind ica te  th a t the a b ility  to  use 
biofeedback tra in ing  e ffe c tiv e ly  m ight increase w ith  age. However, 
contrary to  th is  trend, Brooks e t al. (1978) reported th a t deaf 
children aged five  to  seven years, using computer based visual 
biofeedback about the shape o f th e ir vocal tra c t, improved vowel 
production s ign ifican tly  when compared w ith  a group aged e ight to  
eleven years. I t  is possible, however, tha t th is  d iffe rence 
between the two groups could have been due to  the nature o f the 
task, ra ther then to  d iffe rence in competence w ith  biofeedback per 
se. The older group had to a lte r vowel sounds tha t they had 
already learned inco rrec tly  whereas the younger children only had 
to learn the co rrec t sounds. On the other hand, Suter e t al.
(1983) and Werder and Sargent (1984), using therm al biofeedback, 
also provided weak support fo r the idea tha t children m ight be 
be tte r than adults at a lte ring  skin tem perature in th e ir  d ig its.
Suter e t al. (1983) reviewed th e ir series o f experiments 
tha t assessed the effectiveness o f therm al biofeedback w ith  
children and parents. The authors proposed as the resu lt o f a 
f ir s t  experiment, tha t children were be tte r than th e ir parents at 
a lte ring  skin tem perature assym etrically in the le f t  and rig h t 
hands, although the reported mean tem perature changes were less 
than one degree Celsius. However, when the studies were repeated
151
both the children, aged six to  ten years and the ir parents, showed 
very lim ite d  contro l o f skin tem perature. The authors reported 
tha t the trend was again towards children being m arg ina lly be tte r 
than the adults. The lack o f clear rep lica tion  o f the earlie r 
results was a ttribu ted  to  two factors. Body movement was m onitored 
fo r the f ir s t  tim e  in the second experiment and th is could have 
reduced somatic m ediation and therefo re  lim ite d  the a lte ra tions in 
tem perature achieved during tra in ing. Secondly, a d iffe re n t 
experim enter was used in the second experim ent who had not been 
involved w ith  the pro ject from  its  s ta rt and who had not recru ited 
the children personally. He was also described as reserved. The 
authors therefore  suggested tha t the biofeedback e ffe c t m ight not 
be a very robust one and th a t i t  could be influenced m arkedly by 
experimenter variables. A s im ila r point was reported ea rlie r as 
having been made by Taub and School (1978). Individual d ifferences 
in the performances of the children were also evaluated against 
the effectiveness o f a range of cognitive strategies used. The 
cognitive strategies were monitored by se lf-report a t the end of 
tra in ing . Suter e t al. (1983) reported no evidence o f positive 
corre lations between the cognitive strategy adopted and the 
effectiveness o f biofeedback tra in ing. They also speculated th a t 
by asking children what strategy they were using m ight have 
directed the children to adopt a strategy because they thought 
they ought to be using one. They speculated tha t adopting a 
cognitive strategy m ight also have reduced the level o f changes by
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in te rfe ring  w ith  the childrens' norm ally d irec t approach.
Werder and Sargent (1984) also reported tha t children 
m ight be be tte r than adults a t relaxing. They studied th ir ty  one 
children aged seven to  seventeen who were given therm al 
biofeedback as a part o f trea tm en t fo r headaches. U n fortunate ly  
the study was com plicated by the use of a number of d iffe re n t 
treatm ents and i t  was therefore  impossible to  isolate any e ffe c t 
o f biofeedback tra in ing. However, the comments o f the authors were 
in teresting. They described children as excellent candidates fo r 
se lf-regu la tion tra in ing  (including biofeedback) because the 
children were not tense or sceptical about the possib ility  o f 
contro l. Children were also described as trea ting  attem pts to  
m odify finger tem perature as basically simple, unlike adults who 
used elaborate m ental strategies which m ight have made the process 
d if f ic u lt  and much less e ffe c tive . Therefore, both Werder and 
Sargent (1984) and Suter e t al. (1983) seem to  have assumed tha t 
the d irec t approach o f children to biofeedback, and p a rticu la rly  
to a ttem pts a t relaxing using biofeedback, would be more e ffe c tiv e  
than strategies used by adults.
The developmental data is patchy and inconclusive and needs 
system atic investigation to determ ine whether children are be tte r 
or worse than adults at using biofeedback.
1.5 (2) SEX DIFFERENCES IN THE ABILITY TO USE 
EMG BIOFEEDBACK.
Three studies reported tha t there was no evidence to
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suggest th a t the sex o f an individual was re lated to th e ir a b ility  
to  use EMG biofeedback tra in ing  successfully (Lavallee e t al.,
1982; Levenson and D itto , 1981; Le Boeuf, 1980 b) while the 
m a jo rity  o f studies previously reviewed fa iled  to comment on sex 
differences in e ither adults or children. However, sex d ifferences 
in in baseline fron ta lis  EMG levels were reported in fiv e  EMG 
biofeedback studies although the d irection  o f the d ifferences was 
contrad ic to ry  (Davis, 1980; H iebert and Fitzsimmons, 1981;
Uchiyama e t al. 1981; Montgomery e t al., 1982; Cooney, 1983). Male 
Japanese subjects had s ign ifican tly  lower baseline levels o f 
resting tone in the fron ta lis  muscles than females (Uchiyama e t 
a l., 1981), a find ing confirm ed fo r Am erican subjects (H iebert and 
Fitzsimmons, 1981; Montgomery e t al., 1982) and B ritish  subjects 
(Cooney, 1983). Davis (1980), on the other hand, reported no 
differences in baseline levels between the sexes. Balshan (1962), 
in a study not involving biofeedback, reported tha t females showed 
higher levels o f resting tone in the fron ta lis  muscles than the 
lim b musculature whereas she reviewed two earlie r studies 
(Nidever, 1959 and Wenger, 1943) which suggested tha t resting tone 
in the fron ta lis  muscles and other muscles in males and ch ildren 
on the other hand did not d iffe r.
C ontrad ictory results fo r sex differences in the a b ility  
to reduce resting tone in the fron ta lis  muscles using EMG 
biofeedback have also been reported (O'Connell e t al., 1979;
Davis, '1980; H iebert and Fitzsimmons, 1981; Uchiyama e t a l.,
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1981). O 'Connell e t al. (1979) reported tha t males performed 
be tte r w ith  auditory re la tive  biofeedback than females although 
both sexes performed a t about the same level w ith  visual 
biofeedback. Davis (1980) also used re la tive , auditory biofeedback 
and she indicated th a t female subjects were be tte r able to  reduce 
resting tone in the fron ta lis  muscles than males. I t  is d if f ic u lt  
to  evaluate these con trad ic to ry  findings fu rth e r because both 
studies were critic ised  previously fo r poor experim ental design 
and the use o f very small numbers o f subjects. H iebert and 
Fitzsimmons (1981) did not report the m odality o f biofeedback they 
used. However, they described f i f t y  six males as sta rting  w ith  
lower fron ta lis  EMG levels and achieving greater reductions in 
fron ta lis  resting tone than one hundred and four females Over six, 
f i f t y  m inute trea tm ent sessions. Their results are there fo re  in 
the same d irection  as those o f O 'Connell e t al. (1979).
On balance these findings ind ica te th a t females have 
higher levels o f resting tone in the fron ta lis  muscles than males 
and also reduce these levels less e ffe c tive ly  when try in g  to  relax 
w ith  or w ithou t biofeedback. Reasons why th is m ight be so are 
unclear although Ford e t al. (1983) maintained th a t menstrual 
problems played a part in preventing fem ale patients from  
u tilis ing  a tra in ing  programme tha t included fron ta lis  EMG 
biofeedback tra in ing  successfully. However, they provided no 
evidence to support th is statement.
Evidence about sex differences in the a b ility  to  increase
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precision o f contraction  using EMG biofeedback is lacking apart 
from  the report tha t males were found to  be be tte r a t iso lating 
and contro lling  SMU a c tiv ity  o f the tib ia lis  anterio r than females 
(Zappala, 1970).
I t  would there fo re  be in teresting to compare females and 
males on two biofeedback tasks w ith  the fron ta lis  muscle, one 
involving reduction in resting tone and the other involving 
increased contro l o f contractions.
1.5 (3) PERSONALITY VARIABLES THAT MIGHT AFFECT THE 
OUTCOME OF BIOFEEDBACK TRAINING.
The most notable feature  o f a ttem pts made to id e n tify  
aspects o f personality such as level o f absorption or locus o f 
contro l which m ight a ffe c t the outcome of biofeedback tra in ing  has 
already been described as the lack o f any consistent findings.
Other aspects of personality have shown equally inconsistent 
results. For example, the a b ility  to  be hypnotised m ight be 
considered to  involve elements o f a tten tion  and absorption and be 
re lated to  the a b ility  to  relax using biofeedback but no evidence 
has been found fo r th is re lationship (Roberts e t al., 1975;
Holroyd e t al., 1982). Le Boeuf (1977) reported tha t in traversion 
was linked to  s ign ifican t decreases in fron ta lis  EMG a c t iv ity  
levels, so supporting the theory th a t in trove rts  learn fas te r and 
condition more easily than extroverts. Lavallee et al. (1982) on 
the other hand, found tha t subjects who were successful a t 
reducing resting tone in the ir fron ta lis  muscles had high
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extraversion scores. State and t ra i t  anxiety have also been 
investigated w ith  ins ign ifican t results (Alexander e t al., 1975; 
Levenson and D itto , 1981). Travis e t al. (1974) also fa iled  to 
find  a relationship between neuroticism  and successful biofeedback 
tra in ing . Ford e t al. (1983 a,b), in an extensive investigation, 
also fa iled  to  id e n tify  personality facto rs  which had p red ic tive  
value fo r d iscrim inating patients who were like ly  to use 'qu ieting 
response tra in ing ' (involving EMG biofeedback) successfully. Three 
reasons could explain the fa ilu re  to  id en tify  factors tha t were 
consistently re lated to biofeedback success. F irs tly , personality 
facto rs may only a ffe c t the outcome of tra in ing  in the short-te rm  
(Zim et, 1979; Qualls and Sheehan, 1981a). Secondly, biofeedback 
competence may not be a un ita ry t ra i t  (Ford e t al., 1983 a,b). 
Third ly, relationships may have been looked fo r between 
biofeedback competence and personality variables where there was 
l i t t le  theo re tica l basis fo r expecting such a relationship 
(Levenson and D itto , 1981).
1.5 (4) UNDERLYING ABILITIES THAT MIGHT AFFECT 
THE OUTCOME OF BIOFEEDBACK TRAINING.
An a lte rna tive  avenue of exploration could involve 
a ttem pting  to  id en tify  ab ilities  or skills  possessed by 
individuals which m ight underpin successful use of biofeedback.
For example, Pickard (1982) argued th a t biofeedback con tro l m ight 
be related to the a b ility  to understand the self in action. 
Therefore, tasks tha t also required such understanding m ight be
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expected to  re la te  to  biofeedback a b ility . A pa rticu la r aspect of 
awareness o f self in action demanded by the biofeedback tasks, 
could be the a b ility  to  u tilise  the extrins ic  feedback in fo rm ation  
in order to augment the in tr in s ic  feedback. Pickard (1982) 
postulated th a t individuals w ith  good, operational spatia l 
a b ility , who were able to understand events, grasp the 
im plications o f actions and antic ipate  events would be most 
successful a t link ing  the biofeedback signal w ith  in te rna l events. 
However, the relationship between spatia l a b ility  and biofeedback 
competence does not seem to  have been investigated, despite the 
fa c t tha t some sex differences in spatia l a b ility  have also been 
reported (reviewed by McGee, 1982; Newcombe, 1982).
McGee (1982) reviewed the tim ing  o f appearance o f sex 
differences in spatia l ab ilities . He suggested tha t differences 
appear re liab ly only a t the age o f nine to  ten years. He there fo re  
postulated tha t good spatia l a b ility  in males m ight be re la ted to  
high levels o f androgen, although there is no experim ental 
evidence in humans to support th is  view. Newcombe (1982) in 
another review o f the same top ic, suggested th a t the age a t which 
males have been reported to do be tte r than females on spatia l 
a b ility  tasks have ranged from  seven to th irteen  years. She 
emphasised, however, tha t d iffe re n tia l spatia l a b ilty  is not a 
clear example o f sexual dimorphism and th a t superiority o f one sex 
a t a pa rticu la r task could derive from  developmental and 
environmental biases. For example, male and female ch ildren may
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undergo d iffe re n t spatia l experiences from  an early age. Newcombe 
(1982), in review ing th is  top ic  indicated tha t male children in 
East A fr ica  and the USA were found to be allowed to range fu rth e r 
from  home than females. She also reported th a t playing w ith  
construction toys has been linked to  good spatial ab ilities  and 
generally males are more like ly  to  be given such toys than 
females. I t  seems th a t the lack o f consistency in reporting age 
differences a t which variations in the spatia l ab ilities  o f 
females and males f ir s t  appear could be due to the d iffe re n t 
experiences o f the subjects tested.
One o f the problems o f comparing biofeedback competence 
and spatia l a b ility  is tha t there seems to be a fundamental lack 
of agreement in defin ing precisely what is involved in spatia l 
a b ility . However, aspects o f spatia l a b ility  tha t have been 
consistently described are m ental ro ta tion , orien ta tion  and 
m irror-im age d iscrim ination (Corballis, 1982; McGee, 1982;
Sedgewick, 1982). Aspects o f orien ta tion could be also be involved 
in the a b ility  to u tilise  biofeedback. A b ility  to determ ine 
equivalence between the illum ina tion  o f ligh ts  on a horizonta l 
lig h t bar and the level o f resting tone in the fron ta lis  muscles 
m ight depend on good orien ta tion a b ility . O rienta tion aspects o f 
spatia l a b ility  have been studied deve lopm enta l^ and the results 
suggest tha t changes in th is a b ility  are seen around the age o f 
seven to  e ight years (Gavin-Bremner, 1982; Corballis, 1982). I t  
would therefore  be in teresting to  compare the perform ance o f
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adults and children on an EMG biofeedback task and a task tha t 
measured orien ta tiona l and m irror-im age aspects o f spatia l 
a b ility .
1.5 (5) SUMMARY.
The results o f previous investigations are therefore  
unclear about the e ffe c ts  o f developmental stage, sex and 
personality facto rs  on the a b ility  to  use EMG biofeedback tra in ing  
successfully. A ll three relationships therefore  need fu rth e r 
investigation.
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CHAPTER 1 -  SECTION 6
AREAS FOR INVESTIGATION, RATIONALE OF STUDY 
AND HYPOTHESES.
1.6 (1) Develpomental and individual differences in EMG 
biofeedback competence.
1.6 (2) The effectiveness o f EMG biofeedback in increasing 
voluntary contro l o f muscles.
1.6 (3) The m otor skills  analogy: A possible mechanism by
which EMG biofeedback m ight operate in increasing 
voluntary contro l o f muscles.
1.6 (4) Sex differences in performance on a specific  and 
a d irectiona l EMG biofeedback task.
1.6 (5) The relationship between performance on specific
and d irectiona l biofeedback tasks and performance 
on spatia l a b ility  tasks.
1.6 (6) Rationale fo r choice o f tasks.
Five topics were selected fo r investigation in the present
study:-
1.6 (1) DEVELOPMENTAL AND INDIVIDUAL DIFFERENCES IN  
EMG BIOFEEDBACK COMPETENCE.
Developmental and in tersub ject differences in EMG 
biofeedback competence were chosen as the main focus o f the 
present study because case studies which used EMG biofeedback 
(Finley e t al., 1976 1977) and head position tra iners (Wooldridge 
and Russell, 1976; Catanese and Sandford, 1984) w ith  cerebralt
palsied children indicated tha t the children did not bene fit 
equally from  the biofeedback trea tm ent. However, i t  was not 
possible to  ascertain i f  the discrepancies in outcome resulted 
from  developmental differences, or d ifferences in the type and 
severity o f cerebral palsy suffered, or some other fac to r. The 
in it ia l aim of th is study had been therefore  to investigate the 
reasons fo r the d iffe re n tia l outcomes o f biofeedback trea tm en t in 
cerebral-palsied children. However, exploratory discussions w ith  
s ta ff working w ith  cerebral-palsied children a t Chailey Heritage 
school highlighted the problems o f obtaining su ffic ien t numbers o f 
subjects and o f using a stringent contro l condition th a t was 
e th ica lly  acceptable in a c lin ica l setting (see section tw o of 
th is chapter).
I t  was therefore eventually decided to  investigate whether 
or not developmental d ifferences in EMG biofeedback competence 
exist in normal subjects ranging from  four years of age through to
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adulthood because a few studies have yielded contrad ic to ry  
evidence as to  the a b ility  o f children and adults to  use 
biofeeback. The early case studies o f Simard (1969) and Fruhling 
e t al. (1969) provided tenuous evidence to  ind icate th a t adults 
were be tte r than children a t using EMG biofeedback tra in ing . On 
the other hand, Suter e t al. (1983) reported tha t children were 
be tte r than adults a t a lte ring  the tem perature o f th e ir d ig its 
using skin tem perature biofeedback. These con trad ic to ry  findings 
could have resulted from  the fa c t th a t the subjects a b ility  to  use 
the two types o f biofeedback m ight d iffe r . A lte rna tive ly , the lack 
o f detailed results presented in the EMG case studies (Simard,
1969; Fruhling e t al., 1969) could mean tha t children were in fa c t 
not be tte r than adults a t using EMG biofeedback.
Ind irect evidence about the possible outcome o f such an 
investigation was obtained from  Laszlo and Bairstow (1980) who 
reported clear developmental and individual differences in 
kinaesthetic sens itiv ity  and memory. I t  is therefo re  possible, i f  
these processes underpin biofeedback competence, th a t equivalent 
d ifferences m ight be found on EMG biofeedback tasks. Adults m ight 
perform  be tte r than children and a d is tinction  between six and 
seven year olds m ight be seen. A high degree o f ind iv idual 
varia tion m ight also be antic ipated w ith  some five  year olds using 
biofeedback in fo rm ation  as e ffe c tiv e ly  as adults.
I t  was therefo re  hypothesised tha t developmental and 
individual d ifferences m ight exist in EMG biofeedback competence
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and, on the basis o f the findings o f Laszlo and Bairstow (1980), 
tha t adults m ight perform  be tte r than children.
1.6 (2) THE EFFECTIVENESS OF EMG BIOFEEDBACK IN
INCREASING VOLUNTARY CONTROL OF MUSCLES.
Investigations in to  the effectiveness o f EMG biofeedback 
in both increasing vo luntary contro l o f muscles w ith in  
rehab ilita tion  programmes and in reducing resting tone in the 
fron ta lis  muscles were described in sections 2 and 3 o f th is  
chapter as not having demonstrated conclusively th a t EMG 
biofeedback was specifica lly  e ffe c tive . I t  was there fo re  necessary 
to  establish whether or not EMG biofeedback was spec ifica lly  
e ffe c tive  in increasing voluntary contro l o f muscles, in order to 
examine developmental d ifferences (the main focus o f th is 
investigation). Voluntary con tro l was considered to involve both 
the a b ility  to  reduce resting tone and the a b ility  to  increase the 
contro l o f precision o f contraction in the same muscle and i t  was 
therefore  decided th a t two tasks should be selected which tested 
these ab ilities .
Inadequate contro l groups or conditions were described in 
sections 2 and 3 o f th is chapter as a m ajor flaw  in the studies 
reviewed and i t  was there fo re  decided tha t the fo llow ing features 
should be incorporated in to  the experim ental design o f the present 
study. The same equipment should be used in the con tro l and 
experim ental conditions to provide a signal in order to  e lim ina te  
the possible placebo e ffe c t o f using complex equipment. Equivalent
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sensory stim u la tion  should also be received by subjects in the 
contro l and experim ental conditions. A form  of the a tten tion  
placebo condition iden tified  by Hatch (1982) was there fo re  
selected on the basis o f the lite ra tu re  available at the tim e 
because i t  m et these requirements and was judged to  be the least 
like ly  contro l condition to produce a r t if ic ia lly  high levels o f 
resting tone in the muscle being monitored. However, i t  was also 
decided tha t steadiness should be scored as w e ll as mean 
in tegrated EMG scores in order to assess i f  probing occurred. This 
fo rm  o f contro l condition was also selected because i t  was fe lt  
th a t any contro l condition tha t demanded acceptance o f false 
biofeedback m ight have dissim ilar e ffe c ts  on young children and on 
adults, fo r example, adults m ight be more sceptical than children. 
I t  was fu rth e r decided tha t instructions should be designed to  
provide equivalent m otiva tion  and expectancy o f success in the 
experim ental and contro l conditions. I t  was considered th a t the 
tasks in the experim ental and contro l conditions should be o f 
equal com plexity and f in a lly  the contro l condition should be 
credib le to a ll ages o f subjects.
The question o f whether or not generalisation over tim e  
occurs was described previously as being im portan t therapeu tica lly  
and although some studies indicated th a t EMG biofeedback tra in ing  
resulted in functiona l improvements which were m aintained a fte r  
tra in ing  ceased (Wolf e t al., 1980; Burnside e t al., 1982) others 
reported reversal o f gains on cessation o f tra in ing  (Finley e t
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al., 1977). I t  was therefo re  decided th a t the e ffe c t o f removing 
biofeedback on the performance of a a task involving reduction o f 
resting tone and o f a task demanding increase in the precision o f 
contraction  should be investigated. Both tasks should therefo re  
include a pre-test and post-test session w ithou t biofeedback and 
an adaptation period o f a t least tw enty minutes should precede 
a ttem pts to reduce resting tone in a muscle in order to a llow  
subjects to  habituate to  the laboratory. U n fortunate ly, p ilo t work 
indicated th a t i t  was not possible to  se ttle  children aged fou r to  
five  years fo r any length of tim e, even when music was played or a 
story read to  them. Therefore an adaptation period had to  be 
re jected fo r a ll subjects, because of the very short a tten tion  
span o f the youngest childen. The pre-test and post-test measures 
therefore  had to  be re jected fo r the task involving reduction in 
resting tone as any such reductions could result from  the e ffe c ts  
o f adaptation or d r i f t  ra ther than from  biofeedback. A running 
baseline measure, w ith  subjects being tested w ithou t biofeedback 
on each day o f tra in ing  was therefore adopted fo r th is task. The 
pre-test, post-test design was retained fo r a task requiring 
increase in EMG levels, because d r if t  e ffe c ts  were thought not to  
be re levant to such a task.
I t  was hypothesised tha t visual analogue EMG biofeedback 
would be more e ffe c tive  than an a tten tion  placebo contro l 
condition plus m otiva ting  instructions in increasing vo luntary 
contro l o f a muscle w ith  and w ithou t biofeedback i f  such
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biofeedback operates specifica lly .
1.6 (3) THE MOTOR SKILS ANALOGY: A POSSIBLE MECHANISM 
BY WHICH EMG BIOFEEDBACK MIGHT OPERATE IN  
INCREASING VOLUNTRAY CONTROL OF MUSCLES.
I t  was also decided to  test subjects of a ll ages on two 
tasks in order to  elucidate the mechanism by which EMG biofeedback 
operates. One task should be purely d irectiona l in nature and the 
other should require a response o f specific  magnitude and 
d irection. This would a llow  the proposal, th a t learning purely 
d irectiona l tasks involves operant conditioning whereas learning 
specific  tasks is analogous to  the learning o f skilled m otor 
a c tiv itie s  w ithou t biofeedback (Johnston and Lethem, 1981, 1983), 
to  be tested in an EMG biofeedback study. Therefore evidence o f a 
learning curve would be looked fo r in each task. A dd itiona lly , the 
phenomenon o f reminiscence (Sage, 1977) would also be assessed in 
the two tasks. The performance o f the same subjects on the 
d irectiona l and specific  tasks would be compared in order to 
determ ine whether biofeedback competence was a un ita ry  t ra i t  or 
whether competence depended on a number of d iffe r in g  underlying 
ab ilities  as suggested by Fleishman (1972) and Schwartz e t al.
(1976) fo r cardiovascular biofeedback.
The fo llow ing predictions were made on the basis o f the 
m otor skills  analogy:- F irs tly , i t  was hypothesised th a t typ ica l 
learning curves should be seen across sessions on both tasks.
However, i f  biofeedback in the specific  task only increased the
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potentia l asym ptotic level o f performance, then s ign ifican t 
increments across sessions were predicted in the d irec tiona l task 
and not the specific  task. Secondly, i t  was hypothesised tha t 
biofeedback competence would not be a unitary t ra i t  but th a t the 
two tasks would require d iffe re n t underlying ab ilities . F ina lly, 
i t  was hypothesised th a t skills  learned w ith  EMG biofeedback 
should be resistant to  fo rge tting , w ith  scores remaining close to 
the fin a l levels atta ined and tha t sk ills  would exh ib it the 
phenomenon o f reminiscence. Poor perform ers m ight exh ib it the 
greatest degree of reminiscence.
1.6 (4) SEX DIFFERENCES IN PERFORMANCE OF A SPECIFIC 
AND A DIRECTIONAL EMG BIOFEEDBACK TASK.
The studies reveiwed in section 5 o f th is chapter provided 
tenuous evidence tha t there were differences between the sexes in  
both the level o f resting tone in the fron ta lis  muscles and in the 
a b ility  to  reduce resting tone in these muscles.
Inclusion o f equal numbers o f males and females in each o f 
the age groups would enable the presence or absence o f sex 
differences to be evaluated in a ll age groups, i f  the d irectiona l 
task involved reduction in resting tone. Inclusion o f a specific  
task which involved increase in in tegrated EMG levels would a llow  
comparison o f sex d ifferences on a specific  and a d irec tiona l 
task. Inclusion o f baseline sessions w ithou t biofeedback would 
also provide the possibilty o f examining sex differences in 
contro l o f a muscle w ithou t biofeeedback.
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I t  was hypothesised th a t sex differences m ight be found in 
the adult group on the re laxation task although con trad ic to ry  
evidence from  previous studies meant th a t i t  was not possible to 
make a d irectiona l prediction. No evidence was found on which to 
base a prediction about sex differences in the a b ility  to  carry 
out a specific  task involving increase in EMG levels nor in  the 
a b ility  o f pre-pubertal children to  carry out e ither task.
1.6 (5)  THE RELATIONSHIP BETWEEN PERFORMANCE ON
SPECIFIC AND DIRECTIONAL BIOFEEDBACK TASKS 
AND PERFORMANCE ON SPATIAL ABILITY TASKS.
I t  was decided tha t subjects should also be tested on a 
task tha t measured orien ta tion  and m irror-im age aspects o f spatia l 
ab lity  in order to  examine possible relationships between spatia l 
a b ility  and biofeedback competence on two d iffe re n t tasks.
I t  was hypothesised th a t i f  biofeedback competence was an 
un ita ry t ra it  and i f  spatia l a b ility  underpinned biofeedback 
competence, tha t individual va ria tion  in a b ility  to  use 
biofeedback in fo rm ation  to increase muscle contro l m ight be 
related to aspects o f spatial a b ility  tested by tasks tha t 
measured active  competence a t dealing w ith  le ft- r ig h t reversals.
1.6 (6) RATIONALE FOR CHOICE OF TASKS.
Pre-p ilo t work involved describing what was meant by 
competence and the id en tifica tio n  o f suitable tasks to  measure i t .  
Competence was considered to  involve the a b ility  to extend con tro l 
o f a particu la r muscle by increasing both maximal con traction  and
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reduction in resting tone and by im proving the fine  con tro l o f 
sustained contractions a t in term edia te  levels. I t  was recognised 
th a t competence w ith  one muscle would not au tom atica lly  ensure 
success w ith  another muscle group. I t  was fe lt  th a t the tasks 
should have the fo llow ing features i f  possible. There should be 
l i t t le  or no competence in it ia lly ,  so th a t biofeedback would not 
in te rfe re  w ith  previously acquired sk ills  and inco rrec t strategies 
would not have to be unlearned. The muscle chosen should not 
norm ally be under vo luntary contro l, and there should be l i t t le  
expectation o f being able to  contro l it .  This m ight provide a 
rea lis tic  model fo r the problems faced by patients in the c lin ica l 
s ituation and could help illum ina te  some aspects o f the nature o f 
contro l. The task should be one th a t could be carried out by 
cerebral palsied children so tha t, in the long term , developmental 
patterns in cerebral palsied children could be compared w ith  those 
o f normal children.
The retrahens muscle o f the ear (Bair, 1901) and the 
abductor hallucis muscle (Middaugh, 1978 and Middaugh e t al., 
1982) were investigated in a series o f in it ia l tr ia ls  and then 
re jected because d if f ic u lty  was experienced in locating the 
muscles accurately w ithou t the use o f b rie f e lec tr ica l s tim u la tion  
su ffic ie n t to  move the toe or the ear, despite the fa c t th a t 
Middaugh e t al. (1982) reported consistent and specific  pick-ups 
o f abductor hallucis a c tiv ity  w ith  surface electrodes. E le c trica l 
s tim ulation was considered inappropriate fo r  very young
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volunteers. A re laxation task was also thought to have l i t t le  
c lin ica l relevance w ith  these muscles.
The fron ta lis  muscles were selected as being suitable fo r 
both re laxation and fine  contro l tasks because standard electrode 
placements have been described thus reducing the problem o f 
location (Lippold, 1967). Reduction o f resting tone in the 
fron ta lis  muscles by normal subjects w ith  EMG biofeedback has been 
extensively, although inconclusively, investigated and they have 
also been used c lin ic a lly  fo r re laxation tra in ing  w ith  
cerebral-palsied children (Finley e t al., 1977). Furtherm ore, 
investigation o f contro l o f these muscles in the p ilo t work 
indicated th a t subjects had l i t t le  expectation o f contro l.
Surprisingly, some adults in the p ilo t study were unable to  raise 
th e ir eyebrows to  order, even when given a m irro r w ith  which to  
practise.
U nfortunate ly, the choice o f these muscles also meant th a t 
m aximal contraction tasks had to  be om itted . A c tive  range o f 
movement (ROM) could not be measured precisely and in tegra ted EMG 
scores were described previously as not accurate ly re fle c tin g  the 
tension developed by a muscle over f i f t y  percent maxim al vo luntary 
contraction (Petrofsky and Lind, 1980; W illiamson e t a l., 1980). 
Therefore only a specific task tha t required subjects to  m ainta in 
steady contractions a t prescribed levels below f i f t y  percent 
maximum contraction, called the fine  contro l task, was chosen. 
Additional reasons fo r choosing such a task included the fa c t th a t
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l i t t le  work has been done on the use o f biofeedback fo r developing 
steadiness and precision o f contro l (Yates, 1980) and, as 
previously discusssed, the adoption o f such a task meant th a t the 
m otor skills analogy could be assessed. Further, Brudny e t al.
(1976) reported th a t previous studies had shown biofeedback to  be 
more e ffe c tive  in encouraging slow, sustained movements than rapid 
ones. I t  was also considered im portan t to find  a task th a t four 
year olds could a ttem pt and enjoy, and th a t adults would also find  
in teresting and challenging.
Spatial a b ility  tasks were designed in collaboration w ith  
Dr. E. Pickard, Head of Psychology Departm ent, Roehampton 
Ins titu te  o f Higher Education. The tasks were suitable fo r a ll 
ages and required understanding o f self in action. They involved 
le ft- r ig h t reversals as these have been consistently described as 
im portan t features o f spatial a b ility  (Corballis, 1982; McGee,
1982; Sedgewick, 1982).
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CHAPTER TWO
METHOD
CHAPTER TW3 -  METHD
SECTION 2.1 SUBJECTS
SECTION 2 .2  APPARATUS
( ! )  Apparatus for the biofeedback tasks
a) A m p lif ie r
b) E lec trod es  and th e ir  placem ent.
c ) EMC in te g ra t io n  and p ro v is io n  o f v is u a l 
analogue b io feedback.
d) Equipment used to  p o s it io n  s u b je c ts .
(2) Apparatus for data analysis.
SECTICN 2 .3  PROCEDURES.
(1) Investigation into developmental and intersubject 
differences in the a b il i ty  to perform a specific  
( f in e  control) and a d irectional (re laxatio n) task 
w ith the fro n ta lis  muscles.
a) Design
b) D e ta i ls  o f the two tasks .
c ) P a tte rn in g  o f the experim enta l 
sessions
d) Scoring  and analyses
(2) Investigation into the effectiveness of M i  
biofeedback and an atten tion  placebo control condition  
in increasing voluntary of the fro n ta lis  muscles.
(3) Investigation into the motor s k ills  analogy: A 
possible mechanism by which M i  biofeedback might 
operate in increasing voluntary control of the 
fro n ta lis  muscles.
a) Learn ing  cu rves.
b) The degree to  which performance on 
the re la x a tio n  and f in e  c o n tro l tasks 
was ta s k -s p e c if ic  o r an u n ita ry  t r a i t .
c ) Performance on the two tasks a f te r  a 
2-3 month break in  t ra in in g .
( k )  Investigation into sex differences in performance on 
the relaxation and fin e  control tasks.
(5) Investigation into the relationship between
performance on the two biofeedback tasks and two 
spatial a b lity  tasks.
a) Equipment fo r  the  s p a t ia l a b i l i t y  
ta s k s .
b) Procedures fo r  the  two s p a t ia l a b i l i t y  
ta s k s .
c) S coring .
d) Analyses.
One main experim ent was run in order to investigate 
developmental and in tersub ject differences in performance on the 
fine contro l and re laxation biofeedback tasks. The method used in 
th is experim ent is detailed in sections 2.1, 2.2 and 2.3 (1). The 
same subjects, equipment and procedures were u tilised in the 
investigations in to  the effectiveness o f EMG biofeedback, the 
m otor skills analogy and sex differences. The main methodological 
differences lay in the way the data were analysed. The m inor 
differences in subjects used and procedures (including scoring and 
analyses) are there fo re  described in sections 2.3 (2) to  2.3 (4).
The subjects involved in the main experim ent also a ttem pted in 
addition two spatia l a b ility  tasks, the equipment and procedures 
fo r which are dealt w ith  separately in section 2.3 (5).
2.1 SUBJECTS
The subjects studied fo r th is  report included one hundred 
and sixteen children aged from  four to twelve years and f i f t y  six 
adults aged eighteen to f i f t y  four years. The children were drawn 
from  a local ILEA prim ary school and were not selected 
ind iv idua lly in tha t a ll children in a class were tested where 
possible (where there were in su ffic ie n t children in a class to  
com plete the three age groups A -C  (see below) w ith  equal numbers 
o f males and females, children were chosen a t random from  other 
classes o f appropriate ages). Classes in  the school were not 
streamed and therefore included a fu ll range of academic a b ility  
levels. Choice o f class to  test, where two classes o f the same age
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range were available, depended on the agreement o f the class 
teacher. I f  a ll the teachers agreed to th e ir classes pa rtic ipa ting  
in the pro ject, selection was made by drawing the name o f one 
teacher from  a hat. Children were excluded from  the experim ent on 
three occasions, i f  they were absent on the f ir s t  day o f the t r ia l 
or i f  they had music lessons a t a tim e  when testing was to  be 
carried out and the class teacher preferred them not to  miss 
fu rth e r schooling. The school and parents gave permission fo r  the 
children to  pa rtic ipa te  in the pro ject and children themselves 
were volunteers in tha t they were free  not to  jo in in in it ia lly  or 
to  w ithdraw  a t any stage. Each class v is ited the laboratory w ith  
th e ir teacher p rio r to  testing and watched the teacher a ttem pting  
the two tasks. They were encouraged to  ask questions and fee l 
relaxed. The youngest children were o ffe red incentives of 
stickers, chosen on the f ir s t  day and taken home on the last, 
because i t  was fe lt  th a t they m ight s t i l l  be apprehensive about 
the tasks. The m a jo rity  were very eager to attend. They were 
co llected from  th e ir class by the experim enter each day and they 
ta lked in fo rm a lly  to  the experim enter fo r a t least f ive  m inutes 
while walking from  the school to  the laboratory.
Children were distributed in to  three groups (A-C) on the 
basis o f age. These groups could be fu rth e r subdivided in to  six 
sub-groups (1-6). Equal group sizes were aimed at. U n fo rtuna te ly , 
lim ita tions  on the numbers available in each age group and illness 
o f one 6.6-8.5 year old (group B) and two 8.6-10.7 year olds
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Table 2.1. To show the composition, based on age and sex, o f the 
fou r m ajor groups (A) (coded A-D) and the seven 
sub-groups (B) (coded 1-7).
A. Composition o f the fou r age groups coded A-D .
A B C D
Age in 
months
54-78 79-102 103-130 216+
Numbers 40 39 38 39
Females 20 21 19 23
Males 20 18 19 16
B. Composition o f the seven age groups coded 1-7.
1 2 3 4 5 6 7
Age in 
months
54-66 67-78 79-90 91-102 103-114 115-130 216+
Numbers 20 20 19 20 18 20 39
Females 9 11 10 11 7 12 23
Males 11 9 9 9 11 8 16
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(group C) during tra in ing  reduced the group sizes from  40 to  39 in 
group B and 38 in group C. The composition o f the groups A -D  and 
1-7, together w ith  the numbers o f males and females in  each group 
are shown in table 2.1 A and B respective ly.
A group o f f i f t y  six adults consisting o f th ir ty  f ive  
females and tw enty one. males who were e ithe r students, academic 
s ta ff, adm in istra tive  s ta ff or maintenance s ta ff of the Roehampton 
Ins titu te  o f Higher Education were also studied. These subjects 
were assigned randomly to an experim ental group consisting o f 
th ir ty  nine subjects (group D and group 7), the composition o f 
which is illu s tra ted  in table 2.1 A and B, and a con tro l group o f 
seventeen subjects which consisted o f twelve females and five  
males. Ages ranged from  eighteen years to  f i f t y  four years. The 
adults were also a ll volunteers and the students were m ain ly 
Social Biology and Psychology undergraduates known to  the 
experim enter. They received no reward fo r pa rtic ipa ting  in the 
tr ia ls  and they were in form ed tha t the research involved 
biofeedback. Volunteers who had had previous experience o f 
biofeedback tra in ing  were om itted.
2.2 APPARATUS
2.2 (1) Apparatus for the biofeedback tasks.
a) A m p lifie r.
The EMG from  the fron ta lis  muscles was recorded and 
displayed using a Biodata EMG 120, w ith  high input impedance (10 
megaohms), high common mode re jection  (greater than 120 db) and
173
in te rna l noise (less than 15 m icrovolts). A maximum bandwidth o f 
0-1000.Hz. could be sampled and a band pass f i l te r  in teg ra l to  the 
Biodata EMG 120 was used to  re jec t frequencies below 100 Hz 
because of possible in te rfe rence w ith  EEG a c tiv ity . The band w id th  
monitored was therefore  100-1,000 Hz.. This equipment m et the 
safety standards la id  down in  Hospital Memorandum 8 (BS 5724 P t. l)  
in th a t fu ll patient isolation to  a minimum o f 1.5 kV in  case o f 
fa u lt was asssured. Furtherm ore, an earth leakage tr ip  system was 
also installed in the mains c irc u it supplying the research room.
b) Electrodes.
0.5cm diam eter electrodes o f the Beckman s ilve r/s ilve r 
chloride type were used. They were held in place w ith  transpore 
tape. Dracard, high conductiv ity , electrode gel was inserted in to  
the electrode using a syringe w ith  a b lunt needle. E lectrodes were 
cleaned each day, w ith  a th ir ty  second wash in an u ltrason ic bath, 
then washed in Decon w ith  a so ft toothbrush and fin a lly  rinsed 
three times in d is tilled  w ater and dried w ith  a cotton wool bud.
A ll electrodes were stored dry and re-ch lorided a t the end o f each 
week. Electrodes were de-chlorided p rio r to  re-ch lorid ing a t four 
week in tervals. Electrodes were positioned over the fron ta lis  
muscles a fte r the skin had been thoroughly degreased w ith  alcohol 
and gently abraded w ith  rough lin t. The position was determ ined 
using a p lastic tem plate according to  the standard placements 
shown in figure  2a (Lippold, 1967). However, the horizonta l 
distances o f the electrodes from  the m id-line were m odified w ith
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Fig. 2a To show the electrode positions on the forehead m odified 
from  Lippold (1967).
2.5 cms
1.5 cms
< o  i nasion
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the children. On the f ir s t  day the position o f the t ip  o f each 
subject's nose was traced onto graph paper which had been 
photocopied onto a transparent acetate sheet. The m idline o f the 
acetate sheet was positioned over the centre o f the nose to 
provide a horizontal location. A ve rtica l location was given by 
the bottom  of the 2.5 cms. wide p lastic headband to  which the 
acetate sheet was fixed. The headband was positioned so th a t i t  
just touched the top o f the eyebrows. The band was ca librated in 
centim etres and the horizontal position o f each electrode recorded 
over the highest po int o f the eyebrow. Therefore, fo r the children 
the electrodes were positioned horizonta lly  between 2.5 cms. to  
5.0 cms. from  the centra l line. This distance was recorded on day 
one and repeated on days two to  four. The position o f the tape 
edge and each electrode was marked w ith  a soft, eyebrow pencil on 
the forehead and the electrodes were placed onto transpore tape 
ready fo r fix in g  using a ca librated tem plate  iden tica l to  the head 
band. The pencil marking was wiped o ff  a t the end o f a session and 
then redrawn fo llow ing the same procedure a t the s ta rt o f each 
day. Accuracy o f rep lica tion o f positioning was ensured during 
p ilo t work.
Once the electrodes were positioned on the forehead as 
previously described and held in place w ith  transpore tape, the 
contact between electrodes and subject was checked using the 50 
Hz. notch f i l te r .  I f  in tegrated EMG levels dropped more than 0.5 
m icrovo lts when the  notch f i l te r  was operated then the con tact was
178
re jected and electrodes were re-applied. Instructions w ith  the 
Biodata EMG 120 recommended th a t the contact should be re jected i f  
more than a tw enty percent drop in the in tegrated EMG reading 
occurred on operation o f the notch f i l te r .  Mean in tegrated EMG 
a c tiv ity  levels recorded from  the fron ta lis  muscles o f resting 
subjects tested during p ilo t work averaged 3.6 m icrovo lts /m in .. 
Therefore a drop o f 0.5 m icrovo lts fe ll w ith in  the prescribed 
tw enty percent l im it  fo r the m a jo rity  o f subjects. I f  resting tone 
in the fron ta lis  muscles o f subjects was below 2.5 m icrovo lts /m in . 
then the acceptable reduction was calculated independently.
Inherent noise in the am p lifie r and in the subject unconnected 
w ith  muscle a c t iv ity  was monitored during p ilo t work by placing 
electrodes over the proxim al side o f the m iddle and dista l 
phalanges o f the middle finge r w ith  the hand positioned on a 
table, palm upwards. Levels between 0.6 and 0.7 m icrovo lts /m in . 
were recorded. No muscles were located d ire c tly  below the 
electrodes and the in tegrated EMG a c tiv ity  levels were not 
increased by flex ing  and extending the dig its. Therefore these 
levels were taken to represent e le c tr ica l silence in the muscles 
being monitored.
c) EMG in tegra tion and the provision o f visual analogue 
biofeedback.
The raw signal was re c tifie d  and a Biodata 120 in teg ra to r 
was used to  in tegra te  EMG a c tiv ity  levels over a 0.1 second 
period. The in tegrated EMG a c tiv ity  was used to  provide visual,
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proportional, absolute biofeedback using a Biodata lig h t bar of 
fo r ty  lig h t em itting  diodes (LED's) as shown in figure  2.b. In 
subsequent descriptions, th is  bar is re fe rred to  as the subject 
contro lled lig h t bar. An iden tica l demonstration bar, driven from  
a Commodore PET (2001) v ia  a M icro link in te rface  d ig ita l to  
analogue converter (D to  A) was used to  demonstrate each task to  
the subjects and to  provide the tim ing  fo r the fine  con tro l task, 
as w e ll as acting as a visual stimulus during the re laxation 
sessions w ithou t biofeedback in the a tten tion  placebo contro l 
condition. Illum ination  o f LED's on the rig h t hand side o f the 
subject contro lled bar indicated increase in tone in the fron ta lis  
muscles while ex tinc tion  o f LED's on the le f t  hand side o f the bar 
indicated a reduction in resting tone in those muscles. On the 
rig h t hand side o f both the subject contro lled and the 
demonstration lig h t bars, cu t out cartoon figures were used to 
mark the centre o f each bar and also three ta rge t levels fo r  the 
fine  con tro l task. The cartoon figures were easily recognised by 
the children and helped to  reduce the fo rm a lity  o f the s itua tion . 
The le f t  side o f each lig h t bar was also marked w ith  p ictures 
which could be used in instructing  subjects during the re laxa tion 
task. The scores from  the two tasks were e ither prin ted out 
d ire c tly  on an Electron Systems d ig ita l line p rin te r or analysed 
by the PET m icrocom puter using the M icro link in te rface  w ith  an A 
to  D converter which sampled EMG a c tiv ity  levels p rio r to  
in tegra tion  s ix ty  tim es per second. Tim ing o f the fine  con tro l
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Fig. 2.b To show the dem onstra tion  and subject co n tro lle d  lig h t
bars w ith  the cartoon figures  lo ca ting  the cen tre  o f the 
bar and the th ree  leve ls to  the r ig h t o f cen tre  fo r  the 
fin e  co n tro l task. The add itiona l figu res  to  the le f t  
o f the bar were used in in s truc tions  fo r  the re la xa tio n  
task.
Demonstration bar
! 1 1 I I  1 1 f  1 joooooooooooooooobood doocbdocL 1 1booooo
I I  1 I 1 l I I  oooooooooooooooo oooc 1 J oood
Z r  -  t •
I 1DOOO
7 *
L 1 1^ooooo j
Subject lig h t bar
Fig. 2.c To show the pos ition ing  o f a sub ject on the  sun lounger; 
v iew ing  the tw o  lig h t bars v ia  the m irro r.
task and on-line sampling o f EMG a c tiv ity  levels was accomplished 
w ith  software w ritte n  fo r the pro ject (see appendix 2).
d) Apparatus used to  position subjects.
Subjects were positioned com fortab ly in a sem i-reclin ing 
position on a b righ tly  coloured cushioned sun-lounger, 
spec ifica lly  chosen once again to  add in fo rm a lity  to  the 
s ituation. Their heads were supported by extra  cushions which were 
taped in one o f three positions by velcro according to  the height 
o f the subject. A moveable foo t board was used to  stop the subject 
sliding down the sun-lounger and was calibrated so th a t a subject 
was positioned s im ila rly  each day. The subjects viewed the 
biofeedback signals through a large m irro r positioned over the sun 
lounger which also res tric ted  the view of the rest o f the room
(see fig . 2.c). A ll testing was carried out w ith  the curta ins
drawn and the room was d im ly l i t  w ith  one lig h t to  ensure 
constancy o f illum ina tion  throughout the seasons and reduce 
potentia l d istractions. Cushion and foo t positions were recorded, 
as was tim e o f day, room tem perature and the number o f the 
electrode set as subjects were given the same electrodes each day. 
The eyesight o f the children and juniors was checked by asking 
them to  describe the 'Snoopy' and the 'M r. Men' figures used as . 
markers on the lig h t bars. Adults were asked to wear th e ir  glasses 
i f  they needed them to see the figures com fortab ly.
2.2 (2) Equipment for data analysis.
Data analysis was carried out on a Vax 11/750 using the
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SPSSX package (S ta tis tica l Package fo r Social Scientists).
2.3 PROCEDURES.
2.3 (1) Investigation into developmental and intersubject
differences in performance of a specific (fine control) 
task and a directional (relaxation) task with the 
frontalis muscles.
a) Design.
The aim of th is experim ent was to  investigate whether or 
not there were developmental and in tersub ject differences in 
performance o f a specific  (fine contro l) and a d irectiona l 
(re laxation) task. The details o f both the fine  contro l task and 
the re laxation task are described in sections 2.3 (1 )b to  2.3 ( l)c  
below. However, the experim ental protocol is outlined f ir s t  in 
th is section. The independent variab le under investigation was 
age. Four independent age groups (A-D), together w ith  a separate 
adult contro l group, carried out a fine  contro l and a re laxa tion  
task in four sessions on consecutive days a t approxim ate ly the 
same tim e of day. Two tw o-m inute  tr ia ls  o f the re laxa tion task 
were attem pted in each session, one t r ia l w ith  and one w ithou t 
biofeedback. The order o f these tr ia ls  was counterbalanced before 
and a fte r the fine  contro l task across age and sex groups. The 
adult contro l group add itionally carried out the fine  con tro l task 
w ithou t biofeedback a t the beginning o f the f ir s t  and a t the end 
o f the fou rth  testing sessions. Dependent variables fo r the fine  
contro l task were % o f tim e  on ta rge t (accuracy) and mean standard
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Table 2. 2 A summary o f the method used to  investigate developmental 
and individual d ifferences in the a b ility  to perform  a 
specific  (fine contro l) task and a d irectiona l 
(re laxation) EMG biofeedback task.
INDEPENDENT VARIABLE
AGE
INDEPENDENT GROUP DESIGN 
4 Groups
4.5-6.5 years 6.6-8.5 years 8.6-10.7 years
also 6 sub-groups
18+ years
TASKS
FINE CONTROL
Both tasks performed 
by each subject.
With biofeedback 
Graded directional contractions
3 levels, 3 trials at each level
4 sessions on consecutive days
RELAXATION
Without biofeedback 
Pre-test start day 1 
Post-test end day 4
Maximal reduction in resting tone 
One 2 min. trial with biofeedback 
One 2 min. trial minus biofeedback 
Order of trials + and - biofeedback 
counterbalanced either side of fine 
control task.
4 sessions on consecutive days.
DEPENDENT VARIABLES
SCORING
Chi-square
McNemar
Each day
Total over 4 days 
Gain over 4 days 
Day 4 score adjusted 
by day 1 score
Frequency of subjects having 
significant differences between 
mean EMG scores + and - biofeedback 
on 1,2 3 or 4 days and day by day.
ACCURACY
STEADINESS
Standard deviation from mean.
% of time on target
LEVEL OF RESTING TONE
Mean integrated EMG (microvolts)
STEADINESS
Standard deviation from mean
Analysis of Variance 
Analysis of Covariance 
Planned conparisons 
(Dunn's critical values) 
Post-hoc conparisons 
(Scheffe)
Pearson's product- 
moment correlation 
Day 4 scores with age (mths.)
deviation (steadiness) while the dependent variables on the 
re laxation task were mean in tegrated EMG levels (level o f resting 
tone) and mean standard deviation (steadiness). Repeated measures 
were there fo re  tasks, presence or absence o f biofeedback and 
sessions. The protocol is summarised in table 2.2.
b) D eta ils of the re laxation and fine  contro l tasks.
Subjects were required to  a tte m p t two biofeedback tasks. 
The d irectiona l task, called the re laxation task, involved maxim al 
reduction o f resting tone in the fron ta lis  muscles. The second or 
fine  contro l task involved graded, d irectiona l contractions o f the 
fron ta lis  muscles a t three levels.
Subjects in the groups A-D  attem pted a two m inute 
experim ental re laxation t r ia l w ith  biofeedback and a two m inute 
contro l (baseline) re laxation t r ia l w ithou t biofeedback each 
session. In both experim ental and contro l conditions the gain o f 
the am p lifie r was increased in order to provide maximum 
in form ation  about any changes achieved. Irrespective o f the 
resting level o f the in tegrated EMG prio r to  the re laxa tion task, 
the threshold fo r biofeedback was set so tha t the signal only 
illum inated five  LED's to the le f t  o f the subject contro lled lig h t 
bar. Subjects were instructed to a ttem p t to  extinguish a ll the 
LED's, as re laxation continued. Therefore, the task which faced 
a ll subjects appeared to  be identica l; however, the in tegra ted EMG 
levels a t the s ta rt o f a re laxation period varied between subjects 
and also w ith in  the performance o f individuals from  day-to-day.
In the experim ental condition (w ith  biofeedback) the 
computer driven lig h t bar was not illum inated and the subjects 
viewed only the subject contro lled lig h t bar. They were instructed  
to a tte m p t to  extinguish a ll the LED's. I f  they suceeded in doing 
so during the two m inute re laxation period, subjects were then 
asked to  keep a ll the LED's extinguished fo r as long as possible. 
Proportional biofeedback could therefore  e ither be lost com plete ly 
or reduced to  binary biofeedback, when the LED fu rthes t to  the 
le f t  o f the lig h t bar illum inated and extinguished period ica lly .
The experim enter sat to the rig h t hand side o f the sun lounger, 
level w ith  the m irro r, and repeated instructions a t fo r ty  f iv e  and 
ninety second in tervals. The instructions w ith  and w ithou t 
biofeedback were phrased in order to encourage subjects to  use 
cognitive, somatic or d irec t strategies (see appendix 3 fo r 
detailed instructions). The tim ing  o f repeated instructions was 
not always precise w ith  the young children because the 
instructions were repeated whenever these subjects stopped 
relaxing and started ta lk ing.
The re laxation t r ia l w ithou t biofeedback used a fo rm  of 
a tten tion  placebo contro l condition (Hatch, 1982). Subjects were 
asked to watch the demonstration lig h t bar driven by the PET as 
the LED's illum inated and extinguished in a pattern  s im ila r to  
th a t produced by subjects as they successfully reduced resting 
tone in th e ir fron ta lis  muscles. Subjects were to ld  and were shown 
tha t they had no contro l over the computer driven lig h t bar which
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they were asked to  watch because i t  acted as a focus o f a tten tion . 
Subjects were asked to  frown or raise th e ir eyebrows and to note
tha t only the LED's o f the subject contro lled lig h t bar
illum inated. The lack o f subject contro l over the dem onstration 
bar was emphasised to children by describing the demonstration bar 
as the "com puter's ligh ts" and the other bar as the childrens "own 
ligh ts". S im ilar term inology was therefo re  also used w ith  adults.
The subject contro lled lig h t bar was covered w ith  a s trip  o f 
velcro tape a fte r the gain and threshold settings had been a ltered 
and subjects were instructed to  a ttem p t to extinguish th e ir  own 
LED's although they could not see them. The subject contro lled  
lig h t bar was uncovered a t the end o f the two m inute period. 
Subjects in the contro l condition therefore  received very lim ite d
in form ation  about th e ir performance.
In the fine  contro l task subjects were required to 
con tract the ir fron ta lis  muscles to  three levels which were 
selected so as not to  exceed f i f t y  percent o f the EMG levels o f 
50 to  75 m icrovo lts recorded from  p ilo t Subjects during fu ll 
contraction o f th e ir fron ta lis  muscles. The three levels were 
equally spaced on the lig h t bar and were therefore  set a t close to  
10, 15, and 20 m icrovo lts respectively. These levels were not 
exact fo r each subject, or fo r ind iv idual subjects over the fou r 
days because the precise setting depended on the mean EMG levels 
atta ined during a stabilisation period which preceeded the fine  
contro l tr ia ls . The threshold a t which biofeedback was given was
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Fig. 2.d To show the onset o f tim ing  o f a f ive  second t r ia l fo r 
the fine  contro l task in re la tion  to the response o f a 
subject.
Integrated EMG 
Levels microvolts
required level 
S0% of required level
Time
in seconds
5 second sampling period
x = start of sampling period.
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altered a t the end o f the stabilisa tion period so tha t only the 
le f t  ha lf o f the fo r ty  LED's was illum inated. Therefore the mean 
EMG levels a t the s ta rt o f the fine  contro l task also varied from  
subject to  subject and fo r individual subjects from  day-to-day (as 
was the case w ith  the re laxation task). However, increases in mean 
EMG levels o f 6.5, 11.5 and 16.5 m icrovolts, which were required 
to m atch the three ta rge t levels, were the same both w ith in  and 
between subjects (see appendix 1 fo r  details o f mean EMG levels 
recorded in the stabilsation period p rio r to  the fine contro l 
task).
Three tr ia ls  a t each level were demonstrated by the 
demonstration lig h t bar, and the subjects were required to  
illum ina te  the same number o f LED's as those of the dem onstration 
lig h t bar and to  hold th e ir LED's as steady as possible a t each 
level fo r five  seconds. Each a ttem p t was tim ed by the com puter on 
the basis o f the subject's response and the length o f period 
between each t r ia l was therefore  variable. Integrated EMG scores 
were sampled s ix ty  tim es per second from  the tim e th a t the 
demonstration bar in itia te d  a tr ia l.  The five  second recording 
period started when the level reached e ighty percent o f the ta rg e t 
level and was s t il l rising (see fig . 2.6). Subjects were given a 
m inimum four second rest period between each o f the nine a ttem pts. 
The scores fo r each a ttem p t were stored, and then analysed, 
on-line, while the fin a l re laxation session was in progress.
The fine contro l task was also attem pted w ithou t
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biofeedback a t the beginning o f testing on the f ir s t  day 
(pre-test) and a fte r com pletion o f testing on the fou rth  day 
(post-test) by subjects from  the age groups A-D who partic ipa ted  
in the f ir s t  weeks o f data co llection  and la te r by a ll subjects o f 
the adu lt contro l group. A form  o f a tten tion  placebo con tro l was 
also used in th is task. During the pre and post-test period the 
subject contro lled ligh ts  were covered w ith  the velcro s trip  and 
subjects were instructed to  watch the demonstration bar ligh ts  
moving and to  a tte m p t to m atch the demonstration bar levels w ith  
th e ir own lights, although they could not see them. Subjects were 
aware th a t they had no contro l over the dem onstration lig h t bar as 
described previously.(see appendix 3 fo r detailed instructions).
c) Pattern of experim ental sessions.
Each subject received four tw enty-m inute  tra in ing  
sessions on consecutive days, a t approxim ate ly the same tim e  each 
day. Each session fo llowed the same pa tte rn  over the four day 
period (illus tra ted  in table 2.3 overleaf) apart from  the f ir s t  
session, when subjects were introduced to  the tasks, and the fa c t 
tha t the pre and post-testing fo r the fine  contro l task were 
carried out a t the s ta rt o f day one and the end o f day four. I f  a 
subject was i l l  or fo r any other reason could not com plete the 
four consecutive sessions, th e ir results were discarded.
Each session commenced w ith  e lectrode placement as 
described in 2.2 (1 )b earlie r. A t the s ta rt o f each session 
subjects were reminded tha t the top lig h t bar was a dem onstration
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Table 2 .3 .  Summary o f  each sess ion  o f  approx im ate ly  tw enty m inu tes .
PLACEMENT OF ELECTRODES (time variable)
PRACTICE/REVISION OF TASKS (3 mins.)
STABILISATION. (lmin.)
ALTERATION OF THRESHOLD AND SENSITIVITY (30 secs.)
TASK 1  ---- RELAXATION WITH OR WITHOUT BIOFEEDBACK (2 mins.)
RESETTING OF THRESHOLD AND SENSITIVITY (30secs.)
STABILISATION. (lmin.)
TASK 2 ----  FINE CONTROL. (minimum of 1 min.
20 secs.)
STABILISATION. (lmin.)
ALTERATION OF THRESHOLD AND SENSITIVITY (30 secs.)
TASK 3 ---—  RELAXATION WITH OR WITHOUT BIOFEEDBACK (2 mins.)
REMOVAL OF ELECTRODES + DISCUSSION OF (time variable)
RESULTS
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bar, driven by the com puter and tha t the bottom  lig h t bar was 
under the ir contro l. They were then asked to  illum ina te  th e ir 
LED's by raising th e ir eyebrows. When subjects were unable to  do 
so in it ia lly ,  they were to ld  to look a t themselves in the m irro r 
while they attem pted to raise th e ir eyebrows. Once subjects were 
able to  do th is  they were then asked to a lterna te  between 
illum ina ting  a ll the LED's on tha t lig h t bar and extinguishing 
ha lf the LED's. This was practised five  times. The fine  contro l 
task was then demonstrated in the f ir s t  session and subjects were 
reminded about the task in the fo llow ing  three sessions. They were 
then allowed one p ractice  a tte m p t a t each level. This was fo llow ed 
by a description o f the re laxation task and a th ir ty  second 
practice  period w ith  biofeedback. These sessions were v ita l fo r 
the youngest subjects to ensure th a t they f ir s t  understood and 
then remembered the tw o tasks from  day to  day and were there fo re  
implemented w ith  a ll age groups. The pre -test fine con tro l t r ia l 
fo llowed the practice  session fo r the adu lt contro l subjects on 
the f ir s t  day o f tra in ing.
A one m inute stabilisa tion period followed, in which the 
subjects were asked to  rest qu ie tly  and to  keep the LED's to  the 
rig h t o f the subject contro lled lig h t bar extinguished fo r one 
m inute. I f  the subject was not able to  comply w ith  the 
instruction , the level o f the threshold was then adjusted so th a t 
a ll the LED's to  the rig h t o f the cen tra l point marked by a tree  
p icture  (see figure  2.b) were extinguished. The mean EMG leve l a t
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of th is  stab ilisa tion period was recorded as the level to  be 
re-achieved during subsequent stabilisa tion periods and the 
threshold was then altered as described previously fo r the 
re laxation task. A fte r  the f ir s t  re laxation task was completed the 
threshold and sensitiv ity  settings were returned to the previous 
levels. Subjects were then asked to  a lte rna te ly  relax and 
m axim ally con trac t th e ir fro n ta lis  muscles three tim es and then a 
second one m inute stab ilisa tion period took place in which 
subjects were again asked to  illum ina te  only ha lf the LED's. I f  
neccessary the threshold level was then altered so th a t LED's to  
the rig h t o f the centre point were not illum inated. The fine  
contro l task was then performed as described previously. A fu rth e r 
stab ilisa tion period, iden tica l to  the f ir s t  period, was conducted 
on com pletion o f the fine  contro l task and th is was fo llow ed by 
the fin a l re laxation tr ia l.  Subjects were shown th e ir scores fo r 
the re laxation and fine  contro l tasks a t the end o f each session 
and congratulated on th e ir progress.
d) Scoring and analyses of the fine  contro l and re laxation tasks.
Subjects were scored as on ta rge t in  the fine  con tro l task 
i f  they achieved mean EMG scores w ith in  a ta rge t band o f 3 
m icrovolts. This ta rge t w idth was selected because an increase or 
decrease o f 1.5 m icrovo lt from  the ta rg e t level was s u ffic ie n t to  
illum ina te  the LED's adjacent to  the ta rge t LED. The percentage o f 
tim e th a t the mean EMG sores fe ll w ith in  the ta rge t band was 
averaged across the three attem pts a t each level and these
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percentages were then to ta lled  fo r the three levels to give a 
single accuracy score per session. Steadiness was measured by 
recording the standard deviation around the mean EMG level 
a tta ined a t each level. This value was then averaged across levels 
and tr ia ls  to  give a single mean standard deviation score per 
session. Mean EMG levels fo r the last tw enty seconds o f the 
stab ilisa tion period each day p rio r to  the fine  contro l task were 
calculated fo r each subject and age group.
During each re laxation period, w ith  or w ithou t biofeedback, 
in tegrated EMG levels fo r  each subject were m onitored and averaged 
over each four second period. T h irty  scores were recorded and the 
mean and standard deviation calculated fo r each subject fo r  each 
tw o m inute period. The lowest score maintained fo r  a tw en ty  second 
period w ith in  each two m inute re laxa tion session was also computed 
fo r the adult group in order to  compare the two most common 
scoring systems used in previous investigations.
A ll variables were subjected to  descriptive s ta tis tics  o f 
mean, mode, median, standard e rro r, standard deviation, skewness 
and kurtosis (see appendix 1) and norm a lity  o f d is tribu tion  o f 
scores in the samples and size o f differences between variances of 
groups to  be compared were assessed. Significance was tested a t 
alpha=0.05, giving an erro r ra te  per comparison of 0.05 
throughout. However, where m u ltip le  a p rio r i comparisons were 
made, Dunn's conservative c r it ic a l values o f t  were used in  order 
to  l im it  experimentwise error as recomended by Howell (1982).
The results from  the four age groups (A-D) were analysed 
f ir s t  throughout and then, where s ign ifican t age e ffe c ts  were 
found, the analysis was repeated on the six sub-groups o f children 
(1-6) in order to  id e n tify  more precisely where differences lay.
Age differences were compared day-by-day fo r both accuracy and 
steadiness using one way analysis o f variance. M u ltip le  t-tes ts  
were also used to  make a p rio r i comparisons between the .5-6.5 
year old and 6.6-8.5 year olds and between the adults and oldest 
children. Where s ign ifican t age differences were id e n tifie d  w ith  
the one way analysis o f variance, Scheffe's a posterio ri te s t was 
also used to  explore any other, unpredicted, differences between 
age groups.
D iffe re n t methods o f s ta tis tica l analysis were used on the 
same results from  the four age groups. Age differences in the 
to ta l and day-by-day scores fo r the four day period fo r each 
measure in the fine contro l task was computed and compared using a 
one-way analysis o f variance. An analysis o f covariance o f day one 
scores on day four scores by age was also carried out, as was an 
analysis of variance o f gain scores (calculated as the d iffe rence  
between day 1 and day k scores). The in tegrated EMG scores 
obtained while relaxing w ith  biofeedback each day were also 
calculated as a proportion o f the baseline day one score w ithou t 
biofeedback and compared using a one-way analysis o f variance. The 
frequencies o f subjects having nought, one two three or fou r days 
in which a s ign ifican t d ifference between th e ir in tegra ted EMG
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scores w ith  biofeedback and w ithou t biofeedback was shown were 
compared in the d iffe re n t age groups using Chi-square, and 
frequency o f individuals having a s ign ifican tly  lower score w ith  
biofeedback than w ithou t on a day-to-day basis were s im ila rly  
assessed.
Individual d ifferences across the seven age groups were 
examined w ith  a simple regression analysis o f day fou r scores w ith  
age. Individuals were id en tified  whose scores were greater than 
the standard e rro r o f estim ate fo r each age group. The 
relationships between a ll variables on the two tasks and age in 
months was examined w ith in  groups using Pearson's product-m om ent 
corre la tion  coe ffic ie n t.
The e ffec ts  o f room tem perature, tim e of day and order of 
the w ith  and w ithou t biofeedback sessions on day by day and to ta l 
scores were evaluated using two-way analyses o f variance.
2.3 (2) Investigation into the effectiveness of EMG biofeedback 
in increasing voluntary control of the frontalis muscles.
The subjects, tasks, pattern ing and scoring o f sessions 
were identica l to  those described in section 2.3 (1). However, the 
focus o f th is section was the comparison o f scores in the 
experim ental and con tro l conditions. Therefore the scores w ith  and 
w ithou t biofeedback fo r each task were compared over the fou r days 
o f tra in ing.
Problems encountered by subjects in  a ttem pting  the fine
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Table 2A  Summary o f the method used to  investigate the 
effectiveness o f EMG biofeedback in increasing 
vo luntary con tro l o f the fron ta lis  muscles.
INDEPENDENT VARIABLE
TASKS
GROUPSINDEPENDENTMEASURESREPEATEDREPEATED MEASURES
DEPENDENT VARIABLES
ANALYSES
RELAXATIONFINE CONTROL
PRESENCE OR ABSENCE 
OF BIOFEEDBACK
Control group 
- FB days 1 & 4 
+ FB days 1-4
4 age groups 
+ & - FB days 1-4
ACCURACY day 1-4 LEVEL OF RESTING TONE Days 1-4
STEADINESS Days 1-4
1.8+ yrs. experimental grp. 
+ & - FB days 1-4
18+ yrs. control group 
- FB both trials days 1-4
Independent t-test 
Differences between 
Experimental day 4 
- FB and control 
group day 4 - FB.
Related t-test (Dunn's) 
4 age groups 
Differences +/- FB 
scores each day
Related t-test
Day 4 + FB/ day 4 - FB
Day 1 - FB/ day 4 - FB
Pearson's product-mcment 
correlation coefficient 
Day 4 + FB/ day 4 - FB
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contro l task w ithou t biofeedback meant th a t comparisons of scores 
w ith  and w ithou t biofeedback in th is task were only possible fo r 
the adult contro l group. The differences between th e ir  day 4- 
scores w ith  and w ithou t biofeedback and th e ir day 1 scores and day 
4 scores w ithou t biofeedback were compared using re la ted t-tes ts . 
Relationships between th e ir day if scores w ith  and w ithou t 
biofeedback were assesed using a Pearson's product-m om ent 
corre la tion coe ffic ie n t.
D ifferences between scores on the re laxation task w ith  and 
w ithou t biofeedback fo r each o f the four days were compared 
separately fo r each o f the four age groups using re la ted student 
t-tes ts  and Dunn's c r it ic a l values o f t. This comparison also 
allowed the degree o f re tention o f sk ills  learned w ith  biofeedback 
once biofeedback was removed to be measured. The mean EMG and 
steadiness scores o f the adult experim ental group and the adult 
contro l group were also compared using independent student 
t-tes ts . The frequency o f contro l subjects obtaining s ign ifican tly  
lower scores in one o f the two re laxation sessions w ithou t 
biofeedback than in the other session were also compared using 
Chi-sqare. The procedures are summarised in tab le 2 A .
2.3 (3) Investigation into the motor skills analogy: a possible
mechanism by which EMG biofeedback might operate in 
increasing voluntary control of the frontalis muscles.
a) Learning Curves.
Procedures were identica l to  those decribed in section 2.3 (0
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apart from  the analyses used. The differences between the day 1 
and day k scores w ith  and w ithou t biofeedback w ith in  the four age 
groups (A-D) were compared using re lated t-tes ts  and Dunn's 
c r it ic a l values o f t. The procedures are summarised in tab le 2.5 
i overleaf.
b) The degree to  which performance on the fine con tro l and 
re laxation tasks was task-specific  or an unitary t ra it .
Procedures were again identica l to  those described in 
section 2.3 (1) apart from  the analyses used. The strength of 
relationship between scores on the fine  contro l and re laxation 
tasks over four days o f tra in ing  fo r the fo llow ing variables were 
assessed using Pearson's product-m om ent corre la tion  co e ffic ie n t: 
Accuracy a t the fine  contro l task and mean EMG levels; accuracy at 
the fine  contro l task and steadiness a t re laxation; steadiness a t 
the fine contro l task w ith  steadiness a t re laxation and steadiness 
a t the re laxation task and mean EMG levels. A ll analyses were made 
f ir s t  between the scores o f the to ta l sample and secondly between 
the scores o f the four d iffe re n t age groups. P a rtia l corre la tion  
coe ffic ien ts  were also calculated where comparisons o f scores fo r 
the combined age groups yielded s ign ifican t corre lations, in order 
to v e r ify  th a t the strength o f relationship did not m ainly resu lt 
from  variance in each measure due to  age differences.
Relationships between day 1 scores on the fine  con tro l and 
re laxation tasks and between day 4 scores on these tasks were also 
examined using Pearson's product-moment corre la tion  co e ffic ie n t.
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Table 2.5 Summary o f the method used to investigate the m otor sk ills  
analogy: a possible mechanism by which EMG biofeedback 
m ight operate in increasing voluntary contro l o f the 
fron ta lis  muscles.
i) LEARNING CURVES
INDEPENDENT VARIABLES
TASKS
RELAXATIONFINE CONTROL
DEPENDENT VARIABLES
ANALYSES
DAY 1 SCORES AND DAY 4 SCORES
LEVEL OF RESTING TONE 
STEADINESS days 1 & 4
ACCURACY days 1 & 4
REPEATED MEASURES 
4 age groups 
+ & - FB days 1-4
REPEATED MEASURES 
4 age groups 
+ FB days 1-4
Related t-tests (Dunn's) 
Differences between day 1 and day 4 scores
ii) NATURE OF COMPETENCE: TASK-DEPENDENT OR AN UNITARY TRAIT.
INDEPENDENT VARIABLES
REPEA1ED MEASURES 
4 age groups
DEPENDENT VARIABLES
ANALYSES
a) ACCURACY days 1-4
b) STEADINESS
TASKS
FINE CONTROL AND RELAXATION 
TASKS
c) LEVEL OF RESTING TONE
d) STEADINESS days 1-4
+ FB days 1-4 + FB days 1-4
Pearson's Product mcment correlation coefficient 
a/c, a/d, b/d, b/c 
Total scores 
Separate age groups
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The procedures are summarised in tab le 2.5 ii.
c) Performance on the two tasks a fte r a 2-3 month break in 
tra in ing.
The procedures were again those described in section 2.3 
(1). However, three groups o f subjects were retested in  a f i f th  
session o f iden tica l pattern  to  the f ir s t  o f the four sessions 
a fte r a tw o-th ree  month break in tra in ing . I t  was in it ia l ly  
planned to  re -tes t a ll subjects but unfortunate ly i t  was not 
possible to  do so w ith in  the two to three month period. Friday had 
been allocated each week fo r retesting, but some children were not 
available on Fridays during the tim e  th a t they should have been 
tested, fo r example during the school summer holidays. I t  was 
decided tha t an in te rrup tion  longer than tw o to  three months 
before retesting was not acceptable and therefore f in a lly  tw en ty  
one four to  six year olds (called 'ch ild ren ’) tw enty tw o e ight to  
ten year olds (called 'jun iors ') and tw enty three adults were 
retested w ith in  the tw o -to -th ree  month period. They were not 
randomly selected, in tha t groups consisted o f those subjects who 
could be retested w ith in  the co rrec t period, but neither were they 
positive ly selected on any basis other than tha t o f ava ila b ility .
A ll day four scores o f each o f the three age groups 
retested were compared w ith  th e ir equivalent scores from  the f i f th  
session using related t-tes ts . The to ta l sample retested were also 
divided in half on the basis o f the ir day one accuracy scores. The 
ha lf o f the sample w ith  scores equal to  or greater than the median
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Table 2.5 continued.
iii) REMINISCENCE AFTER A 2-3 MONTH BREAK IN TRAINING.
INDEPENDENT VARIABLES
TASKS
RELAXATIONFINE CONTROL
DEPENDENT VARIABLES
ANALYSES
DAY 4 SCORES AND DAY 5 SCORES
LEVEL OF RESTING TONE 
STEADINESS days 1,4 & 5
ACCURACY days 1,4 & 5
Day 4 with day 5 + & - FB
Related t-tests (Dunn's)
Day 5 + FB with day 5 - FB
REPEATED MEASURES 
3 age groups retested 
+ FB days 1, 4 and 5 
(also divided into poor 
and good groups on day 
1 scores)
REPEATED MEASURES 
3 age groups retested
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score were described as the 'good* ha lf and the remainder, w ith  
scores below the median, were described as the 'poor1 ha lf. The 
mean day five  scores o f the 'good' and 'poor' halves o f the to ta l 
sample were then compared w ith  th e ir day four scores using 
independent t-tes ts . The procedures are summarised in tab le  2.5 
i i i .
2.3 fa) Sex-differences in performance on the fine control and 
relaxation tasks.
The procedures were again identica l to  those described in 
section 2.3 (1) although only the four main age groups (A-D) which 
contained approxim ately equal numbers of males and females were 
used in the analyses (see table 2.1 A fo r details o f com position 
o f age groups A-D). Scoring was as described previously but scores 
fo r  males and females in each group were computed separately. 
Day-by-day scores on both tasks were analysed using tw o way 
analysis of variance by age and sex. Where s ign ifican t sex e ffe c ts  
were obtained a posteriori comparisons were made in order to  
determ ine in which age group or groups the d ifferences occurred. 
Scheffe's a posterio ri test was not used because only comparisons 
between males and females in each age group separately which were 
o f in te rest ra ther than a ll possible linear contrasts. Because 
group sizes were unequal whereas post hoc tests which make 
pairwise comparisons, such as the Newman-Keuls and Tukey 
procedures, were designed fo r equal sample sizes, the post hoc 
comparisons were made using independent t-tes ts  and Dunn's
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Table 2.6 Summary o f the method used to investigate sex differences 
in the a b ility  to carry out the fine  contro l and 
re laxation EMG biofeedback tasks w ith  the fron ta lis  
muscles.
INDEPENDENT VARIABLE
SEX
INDEPENDENT GROUPS
TASKS
DEPENDENT VARIABLES
ANALYSES
RELAXATION 
+ &- FB days 1-4
FINE CONTROL 
+ FB days 1-4
ACCURACY days 1-4 LEVEL OF RESTING TONE 
STEADINESS days 1-4
FEMALES 
4 age groups
“ -"RMiS “
4 age groups
2-way Analysis of variance by age and sex 
Planned comparisons adults, related t-tests (Dunn's)
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c r it ic a l calues fo r t. The number o f days in  which a s ign ifican t 
d iffe rence between re laxation scores w ith  and w ithou t biofeedback 
were shown were compared fo r the tw o sexes using the Chi squared 
test. Relationships between scores on the two tasks were also 
examined in the tw o sexes separately using Pearson's 
product-m om ent corre la tion co e ffic ie n t. The procedures are 
summarised in table 2.6.
2.3 (5) The relationship between performances on two biofeedback 
tasks and two spatial ability tasks.
The procedures fo r the biofeedback tasks were described 
previously in section 2.3 (1). Subjects in the age groups A -D  were 
tested on two spatia l a b ility  tasks on the same, four consecutive 
days th a t they were tested on the biofeedback tasks. A m irro r 
trac ing task and a video task were used. Three experimenters, tw o 
male and one female, carried out the spatia l a b ility  tests. The 
three experimenters tested each child on the same day or days. The 
order o f subjects a ttem pting  the biofeedback tasks and the spatia l 
a b ility  tasks was counterbalanced across the age groups, as was 
the order o f subjects a ttem pting  the tw o spatia l a b ility  tasks.
a) Equipment fo r the spatia l a b ility  tasks.
i) M irro r trac ing  task.
An e lectron ic m irro r trace r, which scored number o f errors 
(excursions from  the trace) and tim e  elapsed, was designed by 
P ickard and H e w itt (1980) and made by Forth Instruments, (Fig.
2.e). An irregu lar, black, star was used as an illum inated trace
2 05
Fig. 2.e To show a subject using the e ie c tron ic  m ir ro r  t race r .
Fig. 2 .f To show the t race  used w ith  the e lec tron ic  m ir ro r  
trace r .
(fig . 2.f) which was viewed through a m irro r,
i i)  Video task.
A video-m onitor was positioned facing the subjects ten 
fe e t away. An image o f the subject was displayed on the screen via  
a video camera placed to  the side o f the m onitor. The standing 
subject therefore  viewed an image o f themselves w ith  le f t  and 
rig h t reversed. Slides o f a series of f ifte e n  figures were shown 
to  the subject on a daylight view ing screen (Bell and Howell) 
placed on top o f the TV m onitor. The figure  in the slides had been 
photographed in f ifte e n  postures (Fig. 2.g p.208). The f ir s t  slide 
was a practice  item  in which the posture was sym m etrica l. Slides 
two and three involved assym etrical positioning o f the arms only. 
Slides four to  seven involved a s im ila r arrangement w ith  the legs 
only and then the last e ight slides involved more complex postures 
w ith  asymmetries o f both arms and legs.
b) Procedure fo r the spatia l a b ility  tasks.
i) M irro r trac ing task (Perceptual-m otor orienta tion).
Subjects were asked to  fo llow  the trace from  a designated 
s ta rting  point using a ligh t-sensitive  stylus. Each tim e  the po in t 
o f the stylus deviated from  the trace an erro r was scored and the 
subjects heard a warning tone. They were asked to  com plete the 
trace in 120 seconds. Subjects attem pted the f ir s t  t r ia l w ith ou t 
the m irro r each day and then attem pted four tr ia ls  w ith  the 
m irro r.
A composite e rro r score was calculated from  the number o f
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Fig. 2. g To show the postures th a t subjects were asked to  m atch 
in the video task.
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errors and the percentage o f tim e  o f f  ta rg e t which were scored 
e lec tron ica lly . The number o f points not covered were also used in 
the e rro r ca lcu la tion. Subjects were asked to a tte m p t one t r ia l 
each day w ithou t the m irro r, in order to  measure manual de x te rity  
alone. They were then allowed four attem pts a t the task each day. 
Mean erro r scores were calculated from  the four tr ia ls  each day.
ii)  Video task (Body image and orien ta tion).
Subjects were shown a le ft - r ig h t  reversed image o f 
themselves on the video m onitor. They were then asked to adopt the 
same posture as the person seen on the daylight viewer w ith in  30 
seconds. The practice  slide was used to  ensure tha t a ll subjects 
understood tha t the task required th e ir video image to  m atch the 
slide image. Subjects attem pted to  m atch a to ta l o f f if te e n  slides 
each day.
Subjects were scored as adopting the correc t posture 
w ith in  five  seconds, f ifte e n  seconds or fa iling  to  do so w ith in  
the tim e. These three categories were then scored as 3, 2 and 1 
respective ly and a to ta l score fo r the fourteen tes t item s was 
calculated.
c) Analyses.
Relationships betwen performance on the m irro r and video 
tasks and the biofeedback tasks were assessed on to ta l scores and 
on the day-by-day scores using Pearson's product-m om ent 
corre la tion coe ffic ien t. Where s ign ifican t positive or negative 
corre lations were found in scores fo r a ll subjects the
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relationships betwen the same variables were looked at within each
age group using Pearson's product-moment correlation coefficient.
The procedures are summarised in table 2.7 below.
Table 2.7 Summary o f the method used to investigate the
relationship between pefromance on the biofeedback 
tasks and peformance on two spatia l a b ility  tasks.
INDEPENDENT VARIABLES
BIOFEEDBACK TASKS SPATIAL ABILITY TASKS
Fine control 
+ FB
Relaxation 
+ FB
Mirror Video
REPEATED MEASURES 
4 age groups
DEPENDENT VARIABLES
ACCURACY (a) LEVEL OF RESTING TONE(c) ERROR SCORE(e) TOTAL SCORE(f)
STEADINESS(b) STEADINESS days 1-4 (d) days 1-4 days 1-4
days 1-4
ANALYSES
Pearson's product-moment correlation coefficient 
Total scores e/a e/b e/c e/d 
Four groups f/a f/b f/c f/d
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CHAPTER THREE
RESULTS
CHAPTER 3 -  SECTION 1
DEVELOPMENTAL AND INDIVIDUAL DIFFERENCES IN THE ABILITY TO 
PERFORM A SPECIFIC AND A DIRECTIONAL TASK.
3.1 (1) FINE CONTROL TASK
(la) Total scores.
(lb) Scores on each of the four days of training.
(lc) Alternative methods of analysis
(Id) Individual differences
(le) The effects of presence or absence of
biofeedback in the relaxation trial preceeding 
the fine control trial; the effect of room 
temperature and time of day.
3.1 (2) RELAXATION TASK
(2a) Total scores.
(2b) Scores on each of the four days of training.
(2c) Alternative methods of analysis.
(2d) Individual differences.
(2e) The effects of room temperature, time of day 
and order of sessions without biofeedback on 
the above measures.
3.1 (3) SUMMARY OF THE TO) TASKS.
3.1 (1) FINE CONTROL TASK.
I t  was not possible to make pre/post test comparisons of 
accuracy and steadiness scores w ithou t biofeedback as was planned 
in it ia lly  because most subjects fa iled  to reach the 80% o f the 
ta rge t level which was required to s ta rt a tr ia l.  The few  who did 
produce contractions su ffic ie n t to  s ta rt the tria ls , tended to  
in it ia te  maximal contractions whatever the required level and 
th e ir scores were also close to zero. F ina lly, the scoring system 
was m odified and a separate adult group was then tested w ithou t 
biofeedback a t the end o f session 1 and the end o f session 4 so 
tha t performance w ithou t biofeedback could a t least be tested in 
an adult group on th is  task. Therefore a ll analyses th a t examined 
age differences in the a b ility  to make precise d irectiona l 
contractions o f the fron ta lis  muscles were only carried out on the 
scores w ith  biofeedback. The results obtained from  the adu lt 
contro l group w ill be described in section 3.2 of th is chapter.
a) Total scores.
The accuracy score (the mean percentage o f tim e  on ta rg e t 
averaged fo r the three graded contractions a t each level) and the 
mean standard deviation (the average of the standard deviation 
around the mean fo r the three graded contractions to ta lled  across 
the three levels) were to ta lled  fo r  each subject over the four 
days o f tra in ing  (fo r details o f scoring see pp. 193-194). These 
to ta l accuracy and steadiness scores were used in the f ir s t  group 
o f analyses which examined developmental differences. The means o f
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the to ta l accuracy and steadiness scores (+- SE) were p lo tted  fo r 
the fou r age groups (A-D) in the histograms o f figu re  31.1. 
One-way analysis o f variance o f to ta l scores by age (A-D) showed 
s ign ifican t age e ffe c ts  fo r to ta l accuracy (F [3 ,152 ] 27.40 
p<0.0001) and to ta l steadiness (F [3 ,152 ] 28.14 p<0.0001). The 
post hoc (Scheffe) tests indicated th a t the adults were 
s ign ifican tly  steadier than the children aged 8.6-10.7 years and 
the 4.5-6.5 year olds were also s ign ifican tly  less accurate and 
steady than the 6.6-8.5 year olds (p<0.05). These s ign ifican t 
differences between age groups are illu s tra ted  as double lines 
between the ve rtica l bars o f the histograms in figu re  31.1.
Developmental d ifferences in mean to ta l accuracy and 
steadiness scores fo r the six sub-groups o f children (1-6) were 
p lo tted in the histograms o f figu re  31.2. One-way analysis o f 
variance o f to ta l scores by age (1-6) again showed s ign ifican t age 
e ffe c ts  fo r to ta l accuracy (F [5 ,111 ] 7.21 p<0.01). and to ta l 
steadiness (F [5 ,111 ] 10.16 p<0.01) although the levels o f 
significance were reduced. Post hoc tests (Scheffe) indicated th a t 
there was a s ign ifican t d iffe rence between the accuracy and 
steadiness scores o f 6.6-7.5 year olds and the 7.6-8.5 year olds
(p<0.05) and tha t the the 4.5-5.5 year olds were also
s ign ifican tly  less steady than the 5.6-6.5 year olds (p<0.05).
These s ign ifican t d ifferences are illus tra ted  as double lines
between the ve rtica l bars o f the histogram in  Figure 31.2.
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Fig. 31.2 To show develpmental differences in to ta l scores on the
fine control task in the six sub-groups of children
coded 1-6.
Total, mean accuracy scores over four days
Total %  of 
time on target
250 -
Age2 3 4 5 6
Total, mean steadiness scores over four days
Total, mean
standard
deviation
Age
2 3 4 5 6
Key for age code
2
3
4
5
6
4.5-5 .5  years
5.6-6.5 years
6 .6-7 .5  years
7.6-8 .5  years
8.6-9 .5  years
9.6-10.7 years represents standard e rro r.
represents a significant d ifference  
between two groups p<0.05.
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b) Scores on each o f the four days of tra in ing.
The second group o f analyses examined developmental 
d ifferences in accuracy and steadiness scores fo r each o f the four 
days o f tra in ing . The mean accuracy scores (+-SE) o f subjects in 
the age groups (A-D) fo r each o f the four days o f tra in ing  are 
illu s tra ted  in Figure 31.3 (a). The one-way analysis o f variance 
o f accuracy scores fo r the four age groups, showed a s ign ifican t 
age e ffe c t on days 1 to  4 repective ly (F [3 ,152 ] 14.18, 30.42, 
23.66 and 18.43, p<0.0001). Planned comparisons o f accuracy scores 
between the 4.5-6.5 year olds and the 6.6-8.5 year olds and 
between the 8.6-10.7 year olds and the adults using Dunn's 
c r it ic a l value o f t  fo r sixteen comparisons (2 age groups and 2 
measures over 4 days) indicated tha t the adults were s ig n ifica n tly  
more accurate than the oldest children on the f ir s t  tw o days ( [7 5 ] 
t=3.16, t=4.32 p<0.05 c r it ic a l value of t=3.03 fo r sixteen 
comparisons) but tha t by the th ird  and fou rth  day the s ign ifican t 
d iffe rence was lost. No s ign ifican t differences were found between 
the 4.5-6.5 and 6.6-8.5 year old children on th is measure. Post 
hoc comparisons (Scheffe) indicated th a t the adults were 
s ign ifican tly  more accurate than any o f the groups o f children on 
a ll but the last day o f tra in ing  (p<0.05). These s ign ifican t 
differences are represented in figu re  31.3 (a) as double lines 
between the bars o f the histogram. The only other s ign ifican t 
differences iden tified  between age groups by the post hoc teests 
were those between the oldest and youngest children on the last
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Fig. 31.3a To show developmental d ifferences in day-by-day
accuracy scores fo r the fine  contro l task in the four 
age groups coded A-D.
Mean % time 
on target
7 0 -
6 0 -
i -  20 -  x
10 -
A B C D A B C D A B C D A B C D
—  Age 
(coded A -D )
DAY 1 DAY 2 DAY 3 DAY 4
represents a significant difference 
between two groups p<0.05. I represents standard error.
Key for age code
A
B
C
D
4.5 -6 .5  years
6.6-8 .5  years
8.6-10.7  years 
Adults 18 yrs +
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three days o f tra in ing  (p<0.05).
The mean steadiness scores (+- SE) o f subjects in  the age 
groups (A-D) fo r each o f the four days o f tra in ing  are also 
illu s tra ted  in figu re  31.3 (b). The one-way analysis o f variance 
o f steadiness scores fo r the four age groups (A-D) also showed 
s ign ifican t age e ffe c ts  on days 1-4 repective ly [3 ,1 52 ] 13.62,
23.65, 24.67, 26.96, p<0.0001). The s ign ifican t d ifferences 
however, were not iden tica l to those found fo r the accuracy 
scores, when planned comparisons o f steadiness scores were made 
between the 4.5-6.5 and 6.6-8.5 year olds and between the 8.6-10.7 
year olds and adults using Dunn's c r it ic a l value of t  fo r sixteen 
comparisons. The youngest group o f children (4.5-6.5 years old) 
was s ign ifican tly  less steady than the 6.6-8.5 year olds on the 
second and th ird  days o f tra in ing  ( [7 5 ] t=3.19, t=3.08, p<0.05, 
c r it ic a l value o f t=3.03 fo r sixteen comparisons). The adults were 
s ign ifican tly  steadier than the oldest children on each day of 
tra in ing  ( [7 5 ] t=3.19, t=3.66, t=3.73, t=3.41 p<0.05, c r it ic a l 
value o f t=3.03 fo r sixteen comparisons). The post hoc (Scheffe) 
tests demonstrated tha t the youngest children were s ig n ifica n tly  
less steady on each o f the four days o f tra in ing  (p<0.05) but did 
not id e n tify  the adults as s ign ifican tly  steadier than the oldest 
children. These s ign ifican t differences are illu s tra ted  in figu re
31.3 (b) by double lines between the ve rtica l bars o f the 
histograms.
217
Fig. 31.3b To show developmental differences in day-by-day
steadiness scores for the fine control task in the
four age groups coded A-D.
Mean standard 
deviation 
9-
8 -
7-
6 -
5-
4-
3-
A 0 C D A II C D A tl C D A D C D
[I
Day 1 Day 2 Day 3 Day 4
represents a significant difference between groups p<0 05
I, Age (A -D )
IE represents standard error
Key for age code
A <(.5-6.5 years
B 6.6-S.5 years
C 8.6-10.7 years
D Adults 18 yrs +
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Developmental d ifferences in mean accuracy scores fo r the 
six sub-groups o f children and the adults (1-7) are rep lo tted  in 
figure. 31.4 (a). The results o f the one-way analysis o f variance 
of accuracy scores fo r the six sub-groups o f children fo r each o f 
the four days o f tra in ing  indicated th a t the age e ffe c t was s t il l 
s ign ifican t, although the levels were reduced (F [5 ,111 ] 2.91,
7.42, 5.49, 5.74, p<0.05). Planned comparisons o f accuracy scores 
between the 5.6-6.5 and 6.6-7.5 year olds and between the 8.6-10.7 
year olds and adults using Dunn's c r it ic a l values o f t  fo r fo r  
sixteen comparisons (2 age groups and 2 measures over 4 days) on 
each o f the four days o f tra in ing  only iden tified  the adults as 
s ign ifican tly  more accurate than 9.6-10.7 year olds on the second 
day o f tra in ing  ( [5 7 ] t=3.30 p<0.05 c r it ic a l value o f t=3.03 fo r 
16 comparisons). The 5.6-6.5 year olds were never s ig n ifica n tly  
more accurate than the 6.6-7.5 year olds. However, post hoc tests 
(Scheffe) indicated tha t the the children aged 4.5-7.5 years 
formed a homogeneous sub-set which was s ign ifican tly  d iffe re n t 
from  the adults on each o f the four days o f tra in ing  (p<0.05). The 
la tte r  find ing is illus tra ted  on figu re  31.4 (a) by cross-hatching 
across the ve rtica l bars fo r the three youngest groups.
Developmental d ifferences in mean steadiness scores fo r 
the six sub-groups o f children and the adults (1-7) are also 
rep lo tted  in figure  31.4(b). The results o f the one-way analysis 
o f variance o f steadiness scores o f the six sub-age groups o f 
children fo r each o f the four days o f tra in ing  again indicated a
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Fig.31.4 To show developmental differences in day-by-day scores
on the fine control task in the age groups coded 1-7.
a) MEAN ACCURACY SCORES.
Mean % time 
on target
60 -
50 -
30 -
_  Age  
(coded 1-7)
D A Y  2D A Y  1 D A Y  3 D A Y  4
Represents a  s ignificant d iffe ren ce  
between groups p<0.05
0.5-5.5
5.6-6.5
6.6-7.5
7.6-8.5
8.6-9.5
years
years
years
years
years
9.6-10.7 years 
Adults 18 ♦
Key /or age code
b) MEAN STEADINESS SCORES.
M ean standard 
deviation
9.0
8.0
7.0 H
6.0 
5.0
4 .0 -
3 .0 - a Age
1 2  3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 (coded j_ 7
D A Y  3 D A Y  4D A Y  1 D A Y  2
represents a significant difference 
between two groups p<0.05.
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s ign ifican t age e ffe c t (F [5 ,1 11 ] 6.06, 8.75, 6.98, 9.41 p<0.01) 
although the levels o f s ignificance were reduced. The planned 
comparisons revealed no s ign ifican t d ifferences while the post hoc 
(Scheffe) tests indicated th a t the 4.5-5.5 year olds were 
s ign ifican tly  less steady than the 5.6-6.5 year olds on the second 
and fou rth  days. These s ign ifican t differences are illu s tra te d  in 
figure  31.4 (b) by double lines between the ve rtica l bars o f the 
histogram. (A summary o f the descriptive s ta tis tics  and the fu ll 
results o f the planned comparisons appear in appendix 1).
c) A lte rna tive  methods o f analysing developmental d ifferences 
in the fine  contro l task.
Figure 31.5 shows a comparison between the day 4 mean 
accuracy scores fo r the four age groups (A-D) and the same day 4 
scores adjusted by the day 1 scores using analysis o f covariance.
A trend was seen fo r the adjusted scores o f the youngest group to 
be greater than the unadjusted scores while the adjusted scores o f 
the adu lt group were reduced in comparison w ith  th e ir unadjusted 
scores. However, the analysis o f covariance s t il l resulted in 
s ign ifican t age e ffe c ts  fo r accuracy and steadiness and the 
findings are summarised in table 31.1. In contrast, the analysis 
of Variance o f the d iffe rence between day 1 and day 4 scores 
(described as the gain scores) fo r the fou r age groups (A-D) only 
resulted in s ign ifican t age e ffe c ts  fo r  accuracy. These results 
are also summarised in table 31.1 and the mean accuracy gain 
scores fo r the four age groups are illu s tra ted  in figu re  31.6. No
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s ign ifican t age e ffe c t was found fo r steadiness on th is  measure.
Fig. 31.5 To compare unadjusted day 4- accuracy scores w ith  the
same scores adjusted by the day 1 accuracy scores
using analysis o f covariance in age groups coded A -D .
Mean % time 
on target
70 -
-*£>' Age 
(coded A-D)A C
adjusted scores
Key for age code
A
B
C
D
^.5-6.5 years
6.6-8.5 years
8.6-10.7 years 
Adults 18 yrs +
222
Fig. 31.6 To show accuracy gain scores (day k - day 1) in the
four age groups coded A-D.
% gain
30 - 
25  ~ 
20 
15 -  
1 0 -  
5 ~
C n
Age
(coded A-D)
Key lor age code
5-6.5 years
6.6-8.5 years
8.6-10.7 years 
Adults 18 yrs +
Table 31.1 A comparison o f the results o f an analysis o f variance 
of to ta l accuracy and steadiness scores fo r the fine  
contro l task w ith  an analysis o f covariance and an 
analysis o f variance o f gain scores on the same 
variables in the four age groups coded A-D .
ANCVA TOTAL ANCCVA OF DAY ANCVA
SCORES 1 ON DAY 4 GAINS
F P F P F p
ACCURACY 27.399 0.000* 6.197 0.000 * 3.257 0.000 *
STEADINESS 28.143 0.000 * 11.709 0.000 * 0.736 0.535
* All values of F significant, p<0.05.
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d) Individual differences.
Integrated EMG levels (m icrovolts) against tim e  (secs.) 
were recorded fo r each o f the graded contractions a t the three 
levels each day and the results o f the adult and b.5-5.5  year old 
ch ild  who gained the highest to ta l percentage o f tim e  on ta rg e t in 
th e ir respective age groups are reproduced in figures 31.7 a and 
b. The adults as a group were able to make more precise a ttem pts 
a t each level on the f ir s t  day than the children. On the fo llow ing  
days they refined th e ir techniques. The children in it ia lly  were 
able to  move the lights up and down, but the ir contro l was poor 
and i t  was o ften  d if f ic u lt  to  distinguish the level th a t they were 
a ttem pting. A ll except two o f the youngest group were able to  make 
more precise attem pts by day four.
The results o f a simple regression o f day 4 accuracy 
scores by age (1-7) are illu s tra ted  in figu re  31.9. Only scores 
which fe ll outside the standard e rro r o f estim ate (SSE) were 
p lo tted indiv idually fo r each age group. This figu re  shows tha t 
the scores o f two o f the 4.5-5..5 year olds fe ll below the SSE.
Their scores on the fou rth  day were s t il l w ith in  the random range 
tha t could be achieved by producing a lte rna ting  contractions and 
relaxations during the five  second sampling period. The scores of 
three subjects in th is age group were above the SEE. Their day 
four scores o f 61, 69 and 72% on ta rge t were w ell w ith in  the adult 
range of scores although did they did not fa ll above the SEE fo r 
the adult group. The accuracy scores of one child aged 5.6-6.5
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Fig. 31.7 To compare the individual in tegrated EMG scores 
(m icrovo lts) against tim e  (seconds) o f the highest 
scoring adu lt and highest scoring 4.5-6.5 year old fo r 
the fine  contro l task.
a) The adult: 3 attem pts, 3 graded contractions, days 1-4.
Microvolts
Level 2Level 3 Level I
D A Y  1
30 -
DAY 2
30 -
DAY 3
30 -
DAY 4
L evel 1Level 2Level 3 T im e
in seconds
b) The 4.5-6.5 year old: 3 attem pts, 3 graded contractions 
days 1-4.
Microvolts Level 2 Level 1Level 3
DAY i
DAY 2
30 -
DAY 3
DAY <*
Level 2 Level 1Level 3 Time
in seconds
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years fe ll below the SEE fo r th a t age. This score o f 19.5% also 
fe ll below the predicted score o f 32% fo r the youngest age group. 
The scores o f two subjects in the 5.6-6.5 age group o f 59 and 60% 
were higher than the SEE and fo r th a t age group and, as w ith  the 
youngest age group, they again fe ll w ith in  the adult range 
although they were not higher than the SEE fo r the adu lt group.
The scores o f 23-24% on ta rge t gained by three o f the 6.6-7.5 year 
olds fe ll outside the SEE fo r th a t group and were w ith in  the range 
o f the youngest age group. Two subjects in th is group also had 
scores o f 63 and 71% which were above the SEE fo r th a t group and 
fe ll w ith in  the adu lt range.
The remaining four groups showed much greater varia tion . 
However, each included individuals w ith  scores greater than the 
adult predicted score o f 66% and individuals w ith  scores lower 
than the predicted 32% on ta rge t o f the youngest age group. The
7.6-8.5 year olds included four individuals whose scores were 
above the SEE and two whose scores were below the SEE fo r  tha t 
age. The two highest scores in th is age group were also greater
than the SEE fo r the adults. Only one o f the 8.6-9.5 year olds
scored over the SEE while f ive  subjects scored under the SEE fo r 
tha t age. Four o f the 9.6-10.7 year olds scored below the SEE and
five  scored above the SEE fo r th a t age. Four o f these subjects
gained scores which were also above the SEE fo r  the adults and 
in te resting ly one o f these subjects scored the highest score 
(117%) o f any subject in the seven groups. Three o f the adu lt
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Fig. 31.9 Individual differences: to  show the results o f a simple 
regression o f day 4 accuracy (% o f tim e  on ta rge t) 
scores w ith  age coded 1-7.
Mean % time 
on target
120
Age
(coded 1-7)
 -------  represents regression line
 represents standard error of estimate
© represents scores outside "age range"
Key for age code
1 *#.5-5.5 years
2 5.6-6.5 years
3 6.6-7.5 years
k 7.6-8.5 years
5 8.6-9.5 years
6 9.6-10.7 years
7 Adults 18 +
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group scored lower than 33%, which was the predicted score fo r the 
youngest group, while the scores o f nine subjects were greater 
than the SEE.
The results o f a simple regression of day k steadiness 
scores w ith  age (1-7) are illu s tra ted  in figure  31.10 which was 
p lo tted  in the same way as figu re  31.9. The steadiness scores o f 
the youngest group were shown to  be most variable while the 
steadiness scores o f the adults were most consistent. There was 
only one adult whose score was w ith in  the youngest group range 
while none o f the youngest children achieved steadiness scores o f 
the adu lt predicted level or below. Although two subjects from  the 
youngest group scored lower than the predicted score fo r the 8-9 
year olds.
e) The e ffe c t of the presence or absence of biofeedback in the 
re laxation t r ia l preceeding the fine  contro l tr ia l;  the e ffe c t 
of room tem perature and tim e  of day on to ta l accuracy and 
steadiness scores.
Two-way analysis o f variance o f to ta l scores by age by the 
presence or absence o f biofeedback in the re laxation t r ia l 
preceeding the fine  contro l t r ia l (the order tha t biofeedback fo r 
re laxation was given) indicated no order e ffe c t on e ithe r to ta l 
accuracy or to ta l steadiness scores. Room tem perature e ffe c ts  were 
also ins ign ifican t as was tim e  o f day th a t the tra in ing  took place 
(These results are summarised in appendix 1)
228
Fig. 31.10 Individual differences: to show the results of a simple
regression of day k steadiness scores (fine control
task) w ith  age coded 1-7.
Mean standard
deviation
12.0 -
10.0 -
8.0 -
6.0 -
2.0 -
Age
(coded 1-7)
—-----  represents regression line
 represents standard error of estimate
O represents scores outside "age range"
Key for age code
1 4 .5 -5 .5  years
2 5 .6 -6 .5  years
3 6.6-7 .5  years
4 7 .6 -8 .5  years
5 8.6-9.5 years
6 9.6-10.7 years
7 Adults 18 +
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3.1 (2) RELAXATION TASK.
a) Total scores.
The mean in tegrated EMG scores and the standard deviation 
around the mean (steadiness score) were calculated fo r ind iv idual 
subjects fo r the tw o m inute re laxation period w ith  biofeedback and 
the two m inute re laxation period w ithou t biofeedback each day. The 
f ir s t  group o f analyses examined developmental d ifferences in  the 
mean in tegrated EMG scores and steadiness scores w ith  and w ithou t 
biofeedback to ta lled  fo r the four days o f tra in ing  fo r each 
subject (to ta l scores). The means o f the to ta l in tegrated EMG and 
steadiness scores were p lotted fo r the four age groups (A-D) w ith  
and w ithou t biofeedback in the histograms o f figure  31.11a and b. 
One way analysis o f variance o f to ta l scores by age (A-D) showed 
s ign ifican t age e ffec ts  fo r mean in tegrated EMG and steadiness 
scores w ith  biofeedback (F [3 ,152 ] 20.95, 39.0 p<0.0001) and 
w ithou t biofeedback (F [3 ,152 ] 20.55, 22.75 p<0.0001). Planned 
comparisons using Dunn's c r it ic a l values of t  fo r e igh t 
comparisons (2 age groups, 2 measures and 2 conditions) 
demonstrated tha t the adults were s ign ifican tly  steadier and 
achieved s ign ifican tly  lower mean EMG scores w ith  and w ithou t 
biofeedback than the 8.6-10.7 year old children ( [7 5 ] t=3.07,
3.39, 3.27, 3.96 p<0.05 c r it ic a l value of t=2.81 fo r e ight 
comparisons). The post hoc (Scheffe) tests and the planned 
comparisons both showed a s ign ifican t d iffe rence (p<0.05) between 
the mean EMG scores w ith  and w ithou t biofeedback and the
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Fig. 31.11a To show the to ta l mean in tegrated EMG scores w ith  and 
w ithou t biofeedback (FB) in the four age groups coded 
A -D .
T o ta l
in tegrated EMG  
m icrovolts  
sa —i
Mean EM G  + FB
i
Mean EMG -F B
on cA Age
(coded A-D)
Fig. 31.11b To show the to ta l mean steadiness scores w ith  and
w ithou t biofeedback (FB) in the four age groups coded 
A-D .
T o ta l mean 
standard deviation
2 5.00
Mean Steadiness +FB
a  a
represents a significant difference 
between two groups p<0.03.
Mean steadiness -FB
Key for age code
*#.5-6.5 years
6.6-2.5 years
8.6-10.7 years 
Adults 18 yrs +
DCaA Age
(coded A -D )
represents standard error.
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steadiness scores w ith  biofeedback o f the children aged 4.5-6.5  
years and the 6.6-8.5 year olds. These s ign ifican t d ifferences 
between age groups are illu s tra ted  in figure  31.11 as double lines 
between the ve rtica l bars o f the histograms. (Appendix 1 contains 
the detailed results o f these analyses).
Developmental d ifferences in to ta l mean in tegra ted EMG and 
steadiness scores w ith  and w ithou t biofeedback were also examined 
in the six sub-groups o f children (1-6). One-way analysis o f 
variance o f to ta l scores w ith  and w ithou t biofeedback by age again 
demonstrated s ign ifican t age e ffec ts  fo r mean EMG and steadiness 
scores w ith  biofeedback (F [3 ,108 ] 17.86, 22.09 p<0.0001) and 
w ithou t biofeedback (F [5 ,108 ] 9.8^, 6.10 p<0.001). However, 
planned comparisons and post hoc (Scheffe) comparisons o f the 
to ta l scores in these six groups indicated th a t the 4.5-5.5 year 
olds were s ign ifican tly  d iffe re n t from  the 5.6-6.5 year group on 
both measures w ith  biofeedback (p<0.05). No other s ign ifican t 
differences between groups were found although a trend was seen 
fo r performance to improve w ith  an increase in age.
b) Scores on each of the four days of tra in ing.
The second group o f analyses examined developmental 
d ifferences in mean in tegrated EMG and steadiness scores fo r  each 
o f the four days o f tra in ing . The means o f these scores (+- SE) 
fo r the four age groups (A-D) are illu s tra ted  in the histograms of 
figures 31.12 and 31.13 respectively. The one-way analyis o f 
variance o f mean in tegrated EMG and steadiness scores w ith  and
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Fig. 31.12a To show the mean in tegrated EMG scores w ith  biofeedback 
on each o f the four days o f tra in ing  in the four age
In tegra ted  EM G g r O U p S  Coded A-D . 
m icrovolts
8.0 -
7.0 -
6.0 —I
5 .0 -
H . 0  -
3 .0 -
rErf
- i f i
*
f
-L
*
f
A  B C  D  
D A Y  i
A  B C  D* - J
D A Y  2
A B C  D 
D A Y  3
A  B C  D  Age
D A Y  4 (coded A -D )
Fig. 31.12b To show the mean in tegrated EMG scores w ithou t
biofeedback over four days o f tra in ing  in the four age
In teg ra ted  EM G
groups coded A-Dm icrovolts
9 .0 -
8.0 -
7 .0 -
6.0 -
5 .0 -
3 .0 -
Age
(coded A -D )
D A Y  4D A Y  3D A Y  2D A Y  I
represents a s ign ificant d iffe re n c e  
between two groups p<0.05.
represents standard error.
K ey  lo r  ace code
<(.5-6.5 years
6 .6 -S .5  years
8 .6 -1 0 .7  years  
A dults  18 yrs ♦
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Fig. 31.13a j o  show the mean steadiness scores w ith  biofeedback 
on each o f the four days o f tra in ing  in the four age 
SSaUc^ ndard groups coded A-D.
4-0 _
3 . 0 -
2.0 -
I.O -
f l
k k
a
A B C D
D A Y  1
A B C D
D A Y 2
A B C D  A B C D  ^gc
y ....  ' '---------   • (coded A-D)
DAY 3 DAY 4i
Fig. 31.13b Jo show the mean steadiness scores w ithou t biofeedback 
over four days o f tra in ing  in the four age groups 
,, f . . coded A-D.
Mean standard 
deviation
*.0 _
3 .0 .
2.0 _
1.0 _
A B C D
D A Y 1
A B C D
D A Y 2
A B C D  A B C D  Age
>--------- ,--------- > >---------   ' (coded A -D )
D A Y VD A Y 3
represents a significant difference  
between two groups p<0.05.
represents standard error.
Key (or age code
A «.5-6.3 years
B 6.6-S.3 years
C 4.6-10.7 years
O Adults I I  yrs ■
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Table 31.2 To show the results o f one-way analyses o f variance o f 
mean in tegrated EMG scores and steadiness scores w ith  
and w ithou t biofeedback on each o f four days,
a) The four age groups coded A-D.
Mean EMG scores Mean steadiness scores
with feedback without feedback 
F F
with feedback without feedback 
F F
DAY 1 23.2 10.94 31.05 9.23
DAY 2 12.9 13.27 12.95 9.01
DAY 3 18.26 17.56 26.94 19.34
DAY 4 10.72 12.15 10.71 10.56
All values significant, p<0.05. (all values of p=0.000)
b) The seven age groups coded 1-7.
Mean EMG scores Mean steadiness scores
with feedback without feedback 
F F
with feedback without feedback 
F F
DAY 1 18.32 5.69 19.72 5.09
DAY 2 14.16 9.37 13.57 5.25
DAY 3 12.65 12.16 15.25 9.67
DAY 4 9.46 10.89 8.49 7.78
All values significant, p<0.05. (all values of p=0.000)
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w ithou t biofeedback showed highly s ign ifican t age d ifferences over 
the four days o f tra in ing  in both age groupings. These results are 
summarised in table 31.2. Post hoc (Scheffe) tests in the fou r age 
groups iden tified  the youngest group o f children (age 4.5-6.5 
years) as s ign ifican tly  d iffe re n t from  the other groups on a ll 
measures each day (p<0.05), except fo r th e ir steadiness scores 
w ithou t biofeedback on days 1,2 and 4 and the ir mean in tegra ted 
EMG scores w ithou t biofeedback on day 4. Planned comparisons using 
Dunn's c r it ic a l values o f t  fo r th ir ty  two comparisons (2 age 
groups, 2 measures and 2 conditions over 4 days) also id en tified  
the adults as having s ign ifican tly  lower mean EMG scores w ith ou t 
biofeedback than the &.6-10.7 year old children on days 1 and 4 
( [7 5 ] t=3.35, 3.58 p<0.05 c r it ic a l value o f t=3.31 fo r 32 
comparisons) and the adults add itionally were demonstrated to  be 
s ign ifican tly  steadier than the oldest children on day 3 w ithou t 
biofeedback ( [7 5 ] t=3.37 p<0.05) and on day 4 w ith  biofeedback 
( [7 5 ] t=3.34 p<0.05). These s ign ifican t differences are 
represented in figures 31.12 a,b and 31.13 a,b as double lines 
between the ve rtica l bars o f the histograms. (The fu ll results of 
the planned comparisons are included in appendix 1.)
Mean in tegrated EMG and steadiness scores w ith  and w ithou t 
biofeedback fo r the six sub-age groups o f children and adults 
(1-7) fo r each o f the four days o f tra in ing  are rep lo tted  in 
figures 31.14 a,b and 31.15 a,b. The s ign ifican t d ifferences
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Fig. 31.14 To show mean in tegrated EMG scores on each o f four 
days o f tra in ing  in the seven age groups coded 1-7. 
a) W ith biofeedback.
In teg rated  EM G
m icrovolts
9.0 -
8.0 -
7.0 .
6.0 -
5.0 -
3 .0 -
Age
1-7)D A Y  kD A Y  3D A Y  2D A Y  I
b) W ithout biofeedback.
In tegrated EMG
m icrovolts
9.0  -
8 .0 -
7.0 -
6.0 .
5 .0 -
3 .0 -
Age
(coded
1-7)D A Y  <fD A Y  3D A Y  2D A Y  1
I I  I represents a significant difference T represents standard error.|  I between two groups p<0.05. ]_
Key for age code
1 tf.5-5-5 years
2 5.6-6.5 years
3 6.6-7.5 years
4 7.6-S.5 years
5 8.6-9.5 years
6 9.6-10.7 years
7 Adults 18 ♦
Fig. 31.15 To show mean steadiness scores on each o f the four 
days o f tra in ing  in the seven age groups coded 1-7.
a) W ith biofeedback.
Mean standard 
deviation
4.0-
3.0
2.0 -
1.0 -
to to.
1 2  3 4 5 6 7 1 2 3 4 5 6 7 1 2 3
□ ttL Age
5 6 7 1 2 3 4 5 6 7 (co<Je<i i_7)
DAY 1 DAY 2 D A Y 3 DAY 4
b) W ithout biofeedback.
Mean standard 
deviation
4 .0 -
3 .0 -
2.0 -
1.0 -
tL CL Age
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 (code<j i_7)
DAY 1 DAY 2 D AY 3 DAY 4
Key for age code
*#-5-5.5 years
5.6-6.5 years
6.6-7 .5  years
7.6-8.5 years
8 .6-9 .5  years
9.6-10.7 years 
Adults 18 +
represents a significant difference  
between two groups p<0.05.
238
adjacent age groups iden tified  by the planned comparison and post 
hoc (Scheffe) tests made on the six sub-groups o f children and the 
adults are few er than those described fo r  the four age groups. The 
only s ign ifican t differences were found w ith  the post hoc 
(Scheffe) comparisons between the 4.5-5.5  and 3.6-6.5 year olds 
each day fo r the mean EMG and steadiness scores w ith  biofeedback 
and on days 3 and 4 fo r the mean EMG scores w ithou t biofeedback 
(p<0.05). These s ign ifican t d ifferences are illu s tra ted  as double 
lines between ve rtica l bars o f the histograms o f figures 31.14 and 
31.13. (The results o f the planned comparisons are summarised in 
appendix 1.)
c) A lte rna tive  methods of analysing developmental d ifferences in 
the re laxation task.
Figure 31.16 shows a comparison between the day 4 mean 
in tegrated EMG scores fo r the four age groups (A-D) and the same 
day four scores adjusted by the day one scores using analysis o f 
covariance. A trend was seen fo r the adjusted scores o f the 
youngest group to be lower than the unadjusted scores while the 
adjusted scores of the other three age groups were higher than 
th e ir unadjusted scores. The analysis o f covariance o f the day 4, 
mean in tegrated EMG scores w ith  biofeedback adjusted by the day 1 
scores w ith  biofeedback therefore  no longer yielded a s ign ifican t 
age e ffe c t. Analysis o f covariance o f mean in tegrated EMG scores 
w ithou t biofeedback and steadiness scores w ith  and w ithou t 
biofeedback confirm ed the s ign ifican t age e ffe c ts  reported when
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Fig. 31.16 To show the day 4 mean in tegrated EMG scores w ith  
biofeedback in the four age groups (A-D) compared 
w ith  the same scores adjusted by the day 1 mean EMG 
scores using analysis o f covariance.
Integrated! EMG
Microvolts.
5 , 0 -
4 ,o -
2.0 -
1 .0 -
adjusted scores
Key for age code
A tt.5 -6 .5  years
B 6.6-8 .5 years
C 8.6-10.7 years
D Adults 18 yrs +
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to ta l and day-by-day scores were subjected to a one-way analysis 
o f variance although the F values were reduced in size. The 
results o f the analyses o f covariance are summarised in table 
31.3.
Table 31.4 shows th a t the analysis o f variance o f gain 
scores by age only resulted in s ign ifican t age e ffe c ts  fo r the 
mean in tegrated EMG levels and steadiness scores w ith  biofeedback. 
The youngest group (4.5-6.5 years) achieved s ign ifican tly  greater 
gains on both measures than the 6.6-8.5 year olds ( [7 5 ] t=3.20 and 
2.46 respective ly, p<0.05). However, when the gain scores were 
adjusted using the day 1 scores as a covaria te in an analysis o f
covariance, s ign ifican t age e ffe c ts  were no longer seen fo r
reductions in mean in tegrated EMG scores between day 1 and day 4 
w ith  biofeedback whereas s ign ifican t age e ffec ts  were found on a ll 
other measures. A trend was seen fo r  the adjusted gain scores o f 
the adults to be greater than those o f the children. The adjusted 
and unadjusted mean in tegrated EMG gain scores w ith  and w ithou t 
biofeedback are illus tra ted  in figu re  31.17a and b.
The last group o f a lte rna tive  analyses involved
ca lcu la ting whether or not the mean in tegrated EMG scores w ith
biofeedback fo r individual subjects were s ign ifican tly  d iffe re n t 
from  the ir mean in tegrated EMG scores w ithou t biofeedback on each 
o f the four days o f tra in ing  using repeated measures t-te s ts . The 
frequencies o f subjects who gained s ign ifican tly  lower mean EMG 
scores w ith  biofeedback than w ithou t biofeedback on each o f the
Table 31.3 To show the results of the analysis of covariance of
day 4 mean in tegrated EMG scores w ith  day 1 mean
integrated EMG scores in  the four age groups (A-D).
DAY 4 Mean EMG scores (microvolts) with feedback by age A-D.
AGE A B c D
UNADJUSTED 4.7 3.6 3.7 3-1 F=10.72 p<0.05
ADJUSTED 4.0 3.7 3.8 3.5 F=0.746 p>0.05
DAY 4 Mean Emg scores (microvolts) without feedback age (A-D).
AGE A B C D
UNADJUSTED 5.8 4.6 4.3 3.2 F=12.15 p<0.0 5
ADJUSTED 5.3 4.6 4.4 3.3 1^ =4.535 p<0.05
DAY 4 Steadiness scores with feedback by age coded A-D.
AGE A B C D
UNADJUSTED 1.7 1.0 0.5 0.3 F=10.71 p<0.05
ADJUSTED 1.4 1.0 0.6 0.4 F=4.505 p<0.05
DAY 4 Steadiness scores without feedback by age coded A-D.
AGE A B C D
UNADJUSTED 2.7 2.6 1.1 0.4 E^ =10.56 p<0.0 5
ADJUSTED 2.4 2.4 1.2 0.7 F=5.573 p<0.0 5
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Table 31A  To compare the results o f the analysis o f variance and 
analysis o f covariance o f mean in tegrated EMG and 
steadiness gain scores w ith  and w ithou t biofeedback 
in the four age groups (A-D).
AGE
Mean EMG scores with feedback 
Unadjusted (microvolts)
Mean EMG scores with feedback 
Adjusted (microvolts)
A 2.28 0.79
B 0.69 1.02
C 0.69 0.94
D 0.30 1.25
F=9.16 p^O.OOO *
A/B compared t=3.20 *
F=0.746 p=0.530
AGE
Mean EMG scores without FB.
Unadjusted (microvolts)
Mean EMG scores without FB. 
Adjusted (microvolts)
A 2.03 0.28
B 0.86 0.91
C 0.85 1.13
D 0.42 1.91
F=1.95 p=0.123 F^ =4.535 p=0.005 *
AGE
Mean Steadiness scores + FB. 
Unadjusted (st.dv.)
Mean Steadiness scores + FB. 
Adjusted (st.dv.)
A 1.94 0.25
B 0.62 0.72
C 0.68 1.21
D 0.24 1.36
F=6.61 p=0.00 *
A/B compared t=2.46 *
F=4.51 p=0.005 *
AGE
Mean Steadiness scores - FB. 
Unadjusted (st.dv.)
Mean Steadiness scores - FB. 
Adjusted (st.dv.)
A 1.11 -0.02
B 0.79 -0.02
C 0.61 1.16
D 0.24 1.68
F=0.51 p=0.681 F=5.57 p=0.001 *
* indicates values significant, p<0.05
2U3
Fig. 31.17 To compare the mean in tegrated EMG gain scores w ith
the same scores adjusted by the day 1 mean EMG scores 
using analysis o f covariance in 4 age groups A-D . 
a) W ith biofeedback.
Integrated EMG 
Microvolts.
2.5 _
2 .0 -
| / / j s  a d ju ste d  scores
A ge  
(coded A -D )
K ey  fo r  age code
A 4 .5 -6 .,5  years
B 6 .6 -8 .5  years
C  8 .6 -1 0 .7  years
D  A d u lts  18 yrs +
b) W ithout biofeedback.
In te g ra te d  EM G
Microvolts.
o.  5 -
A ge  
(coded A -D )
2H
four days o f tra in ing  in the four age groups (A-D) are illu s tra te d  
in figure  31.18. A comparison o f these frequencies between each of 
the four age groups using Chi-square; distinguished the **.5-6.5 
year olds from  the S ,6 -iO J  year olds (Chi square=6.91, d f= l,  
p<0.05) and from  the adult group (Chi square=5.**2, d f= l,  p<0.05).
**5% o f **.5-6.5 year olds, 5**% o f the 6.6-8.5 year olds, 63% o f the
8.6-10.7 year olds and 56% o f the adults achieved lower mean 
in tegrated EMG scores w ith  biofeedback than w ithou t by the fou rth  
day. The number of individuals in the adu lt group who were 
s ign ifican tly  be tte r w ith  biofeedback than on the th ird  day (67%) 
was greater than tha t on the fou rth  day.
The frequencies of subjects who gained s ign ifican tly  lower 
mean EMG scores w ith  biofeedback than w ithou t fo r  the fou r days o f 
tra in ing  in each o f the four age groups (A-D) was also used in a 
second analysis involving five  categories. Those subjects who did 
not gain s ign ifican tly  lower mean EMG scores w ith  biofeedback than 
w ithou t biofeedback on any o f the four days o f tra in ing  were 
classified as 0. Those who gained s ign ifican tly  lower mean 
in tegrated EMG scores w ith  biofeedback than w ithou t fo r a to ta l o f 
one, two three or four days o f tra in ing  were classified as 1, 2, 3 
and ** respectively. Figure 31.19 shows the frequencies w ith  which 
the youngest children (**.5-6.5 years) and the adults gained a 
to ta l o f 0, 1, 2, 3 or ** days in which they gained s ig n ifica n tly  
lower mean in tegrated EMG scores w ith  biofeedback than w ithou t. 
Only the ratios fo r these two groups were shown to  be
2**5
Fig. 31.18 To show the frequency o f individuals having
s ign ifican tly  lower mean in tegrated EMG scores w ith  
biofeedback than w ithou t biofeedback on each o f the 
four days o f tra in ing  in the age groups A-D .
N o. o f individuals
30-
2 0 -
10 -
12 3 ^
L-1  '
A
1 2 3 4
L— 1---- 1
B
1 2  3 4 I  __ 1 2 3
Tim e
in days
Key lor age code
<1.5-6.5 years
6.6-S.5 years
8.6-10.7 years 
Adults 18 yrs
Fig. 31.19 To show the frequency of individuals having
s ign ifican tly  lower mean in tegrated EMG scores w ith  
biofeedback than w ithou t on a to ta l o f 0,1,2,3,or ** 
days in age groups A and D.
N o. o f individuals 
15-
10
5-
N o . o f
days
2*f6
s ign ifican tly  d iffe re n t (Chi square=l 1.3983, df=4, p<0.05).
d) Individual d ifferences.
Individual results were again found to  be very variable 
w ith in  age groups. For example, figure  31.20 illus tra tes  the mean 
in tegrated EMG scores w ith  biofeedback fo r the tw o highest scoring 
and two lowest scoring adults together w ith  the mean in tegra ted 
EMG scores fo r the adult group and the noise level recorded from  
the equipment and the f ir s t  phalanx over the four days o f 
tra in ing . The results o f a simple regression o f day 4 mean 
in tegrated EMG scores w ith  and w ithout biofeedback by age (1-7) 
are illu s tra ted  in figures 31.21 and 31.22 respectively. The 
results are p lo tted  in the same fo rm at as th a t used fo r the fine  
contro l task (p.227). Figure 31.21 shows tha t the level o f 
individual varia tion  w ith in  the seven age groups w ith  biofeedback 
was very s im ila r in pattern to  tha t described fo r the fine  con tro l 
task although the overlap between age groups was greater than in 
the fine  contro l task. Subjects in each age group except the
5.6-6 .5 year olds and the 8.6-9.7 year olds scored mean in tegra ted 
EMG scores which were as high as those scored by the w orst scoring 
youngest children (^.5-5.5 years). Their scores were higher than 
the standard erro r o f estim ate (SEE) fo r the youngest age group.
The mean in tegrated EMG scores o f three subjects aged 6.6-8 .5 
years were su ffic ie n tly  low to  be below the SEE fo r the adu lt 
group, while subjects in the other age groups gained scores which 
were w ith in  the adult range. Figure 31.22 shows th a t the range o f
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Fig. 31.20 To show mean in tegrated EMG scores in  selected
individuals o f group D, the mean group D in tegra ted 
EMG score and the noise level in the apparatus and 
body unconnected w ith  muscle a c tiv ity .
Integrated EMG 
microvolts
8.0 -
7 . 0 -
'poor* adult
6.0 -
5 . 0 -
'poor* adult
3 . 0 - Adult, mean score
2.0 _
'Good" adults1.0
Noise level in system
Tim e in days
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Fig. 31.21 Individual d ifferences: To show the results o f a
simple regression o f day 4 mean in tegrated EMG scores 
w ith  biofeedback w ith  age coded 1-7.
Integrated EMG
microvolts
11.0
10.0 -
9.0
8.0
7 .0 -
6.0 -
5.0
3 .0 -
2.0 -
1.0
Age
(coded 1-7)
  represents regression line
 represents standard error of estimate
® represents scores outside "age range"
Key for age code
1 *».5-5.5 years
2 5.6-6.5 years
3 6 .6 -7 .5  years 
7.6-8.5 years
5 8.6-9 .5  years
6 9.6-10.7  years
7 Adults 18 +
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Fig. 31.22 Individual differences: To show the results of a
simple regression o f day 4 mean in tegra ted EMG scores 
w ithou t biofeedback w ith  age coded 1-7.
Integrated EMG
X  15.0microvolts
11.0 _
10.0
9.0 _
8.0
7.0 -
6.0
5.0
4.0
3.0
2.0  -
(coded 1-7)
  represents regression line
 represents standard error of estimate
O represents scores outside "age range"
Key (or age code
1 0.5-5.5 years
2 5.6-6.5 years
3 6.6-7.5 years
H 7.6-8.5 years
5 8.6-9.5 years
6 9.6-10.7 years
7 Adults 18 ♦
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in tegrated EMG scores w ithou t biofeedback was greater than tha t 
w ith  biofeedback because o f the scores o f the subjects whose 
performance was worst. Figures 31.23 and 31.-2^ show the results of 
a simple regression o f day four steadiness scores w ith  and w ithou t 
biofeedback in the age groups 1-7. The adults and oldest children 
had very consistent steadiness scores in both conditions and a few  
of the younger children scored in the good adu lt range.
The high level o f individual varia tion  w ith in  each age 
group could have resulted from  developmental d ifferences and 
therefo re  the relationships between age in months and mean 
in tegrated EMG and steadiness scores w ith  and w ithou t biofeedback 
were examined w ith in  the four age groups (A-D). The only 
s ign ifican t relationship found was a negative corre la tion  between 
age in months and mean EMG scores w ith  biofeedback over the four 
days o f tra in ing  in the children aged k.5-6.5  years (r=-0.591, 
r=-0.7162, r=-0.5675 and r=-0.5814 respectively p<0.05). Figure 
31.25 shows the relationship between age in months and mean 
in tegrated EMG scores w ith  biofeedback on day 4 in th is  age 
group.
e) The e ffe c t of room tem perature, tim e  of day and order of
sessions w ithou t biofeedback on mean EMG and steadiness scores 
w ith  and w ithou t biofeedback.
The mean room tem perature over the fou r days o f tra in ing  
varied between 16-22 degrees C. This range was sp lit in to  three 
categories 16-18 degrees C, 18.1-20 degrees C and 20.1-22 degrees
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Fig. 31.23 Individual differences: To show the results of a
simple regression o f day k mean steadiness scores 
w ith  biofeedback w ith  age coded 1-7.
Mean standard
deviation
x 9.0
7 .0 -
5.0 -
3.0 -
2.0
1.0 -
Age
(coded 1-7)
represents regression line  
— - • represents standard error of estimate 
0  represents scores outside "age range"
Key for age code
1 <(.5-5.5 years
2 5.6-6.5 years
3 6.6-7.5 years
k 7 .6-8.5 years
5 8.6-9.5 years
6 9.6-10.7 years
7 Adults 18 ♦
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Fig. 31.24 Individual differences: To show the results of a
simple regression o f day 4 mean steadiness scores 
w ithou t biofeedback w ith  age coded 1-7.
Mean standard 
deviation
7.0 -
6.0 -
5.0
3.0 -
2.0 -
1.0 -
■ GN
Age
(coded 1-7)
  represents regression line
 represents standard error of estimate
O represents scores outside "age range"
Key for age code
1 <*.5-5.5 years
2 5.6-6.5 years
3 6.6-7 .5  years
k 7 .6-8.5 years
5 8.6-9 .5  years
6 9.6-10.7 years
7 Adults 18 +
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C which w ill be called categories 1, 2 and 3 respective ly. The 
varia tion  in tem perature did not s ign ifican tly  a ffe c t to ta l 
steadiness scores w ithou t biofeedback but did appear to  in fluence 
the other three dependent variables o f the re laxation task. The 
pattern  found was th a t the to ta l scores were lower when the room 
tem perature was higher. A two-way analysis o f variance o f to ta l 
mean in tegrated EMG and steadiness w ith  and w ithou t biofeedback by 
tem perature by age (A-D) resulted in s ign ifican t main e ffe c ts  o f 
tem perature (1-3) on both measures w ith  biofeedback and the to ta l 
in tegrated EMG scores w ithou t biofeedback. (F [2 ,152 ] 7.003, 5.237 
and 3.222 respective ly, p<0.05) and s ign ifican t two-way 
in teractions o f tem perature (1-3) w ith  age (A-D) fo r both to ta l 
scores w ith  biofeedback (F [6 ,152 ] 3.288 and 3.525, p<0.05). The 
mean to ta l in tegrated EMG and steadiness scores w ith  biofeedback 
were therefore  calculated fo r the four age groups (A-D) and the 
three tem perature categories. The to ta l mean in tegrated EMG scores 
in the four age groups (A-D) are illu s tra te d  in Figure 31.26. 
W ithin-group comparisons of these scores showed th a t to ta l mean 
in tegrated EMG scores were only s ign ifican tly  d iffe re n t between 
temperatures 1 and 2 and 2 and 3 in the youngest age group ( [3 7 ] 
t=3 .14 and 4.82, p<0.05). These d ifferences are illu s tra te d  by 
double lines between the ve rtica l bars o f the histograms in figu re  
31.26.
Two-way analysis o f variance o f to ta l scores by age, by the 
order th a t re laxation tasks w ith  and w ithou t biofeedback were
255
Fig. 31.26 To show the e ffe c t o f room tem perature (1 = 16-18 
degrees C., 2=18.11-20 degrees C .and 3=20.1-22 
degrees C.) on to ta l mean in tegrated EMG scores w ith  
biofeedback fo r the age groups A-D.
Total, mean 
EMG microvolts
30 -
20
10
1 2 3 1 2 3 
I— r— '
C
/  2 Temperature
(1-3)
D
Temperature 1 = 16-18°C  
Temperature 2 = 18-20°C  
Temperature 3 = 20-22°C
represents a significant difference 
between two groups p<0.05.
Key for age code
A 4.5-6 .5  years
B 6.6-8.5 years
C 8.6-10.7 years
D Adults 18 yrs +
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given showed no s ign ifican t e ffe c t o f order. A two-way analysis of 
variance o f to ta l scores by age, by the hour o f day th a t tra in ing  
took place s im ila rly  gave rise to  no s ign ifican t main e ffe c ts  or 
two-way in teractions w ith  age. There was also no e ffe c t o f these 
tw o variables on the number o f days in which a s ign ifican t 
d iffe rence occurred w ith  and w ithou t biofeedback. (The detailed 
results are summarised in appendix 1.)
3.1 (3) SUMMARY OF RESULTS : DEVELOPMENTAL AND INDIVIDUAL 
DIFFERENCES IN THE FINE CONTROL AND RELAXATION TASKS.
1. Analysis o f variance on day-by-day scores and to ta l 
scores w ith  and w ithou t biofeedback indicated a s ign ifican t 
im provem ent in performance w ith  an increase in age on both the 
fine  con tro l and the re laxation task.
2. Post hoc comparisons (Scheffe) and planned comparisons 
o f to ta l scores using independent t  tests (and Dunn's c r it ic a l 
values o f t  fo r m u ltip le  comparisons) iden tified  tha t the **.,5-6.5 
year olds were s ig n ifica n tly  worse than the 6.6- 8.5 year olds and 
the adults were s ign ifican tly  be tte r than the oldest ch ildren 
(8.6-10.7 year olds) a t both tasks.
3. Post hoc comparisons (Scheffe) o f the six sub-groups o f 
children each day also picked out a d is tinction  between the
6.6-7.5 year olds from  the 7.6- 8.5 year olds a t the fine  con tro l 
task.
*f. The *f.5-5.5 year olds were add itionally seen to be 
s ign ifican tly  less com petent than the 5.6- 6.5 year olds a t the
2 57
relaxation task using the same test.
5. Use o f analysis o f covariance and anaiysis o f gain 
scores revealed a d iffe re n t pattern  on the two tasks. S ign ifican t 
improvements in performance w ith  age were s t i l l  found in  the fine  
contro l task, a lbe it w ith  reduced levels o f significance. However,
a less consistent pattern  was seen in the re laxation task.
S ignificant age e ffec ts  in mean EMG scores w ith  biofeedback were 
lost using analysis o f covariance while analysis o f variance o f 
gain scores indicated th a t the youngest children made the greatest 
improvements. On the other hand, comparisons o f the frequency o f 
subjects w ith  s ign ifican tly  lower mean EMG scores w ith  biofeedback 
than w ithou t biofeedback again indicated an im provem ent w ith  an 
increase in age. -
6. A high degree o f individual varia tion  was reported fo r 
both the fine  contro l and the re laxation tasks, w ith  the worse 
adult scores fa lling  in the range of the scores o f the youngest 
children and vice versa.
7. Po ten tia lly  confounding independent variables such as 
room tem perature, tim e of day and order o f re laxation tra in in g  
w ith  and w ithou t biofeedback did not s ign ifican tly  a ffe c t scores
on the fine  contro l task. Only room tem perature was found to  have 
a s ign ifican t e ffe c t on mean EMG scores in the youngest ch ildren 
(4.5-6..5 years old) in the re laxation task.
258
CHAPTER 3 -  SECTION 2
A COMPARISON OF THE EFFECTIVENESS OF EMG BIOFEEDBACK AND AN 
ATTENTION PLACEBO CONTROL CONDITION IN INCREASING VOLUNTARY 
CONTROL OF THE FRONTALIS MUSCLES.
3.2 (1) FINE CONTROL TASK
3.2 (2) RELAXATION TASK
3.3 (3) SUMMARY OF RESULTS
3.2 (1) FINE CONTROL TASK.
Two main strategies were adopted by subjects in the adult 
contro l group who attem pted the fine  contro l task w ithou t 
biofeedback a t the end o f session 1 and session 4. The f ir s t  
strategy, illu s tra ted  in figu re  32.1(a), was to produce 
contractions greater than the upper level o f the ta rge t. This 
strategy was su ffic ien t to in it ia te  the tria ls  but resulted in a 
score close to zero. The second strategy, illus tra ted  in figu re  
32.1(b), also resulted in a zero score because the a ttem pts a t 
contractions were im perceptib le  a t the f ir s t  level and only 
reached 80% of the ta rge t leve l (the level required to  in it ia te  
scoring orig ina lly ) in one out of the nine tria ls .
The mean accuracy scores w ith  biofeedback in the adu lt 
experim ental and contro l groups over the four days o f tra in in g  and 
the mean accuracy scores w ithou t biofeedback on days 1 and k o f 
tra in ing  in the adult contro l group are p lotted in figu re  32.2.
The accuracy scores o f the adu lt contro l group w ithou t biofeedback 
were s ign ifican tly  lower than th e ir scores w ith  biofeedback on 
both days 1 and 4 when compared w ith  a related t  tes t ( [1 6 ]  
t =4.45, t -7 .55 , p<0.05 c r it ic a l value fo r two comparisons t=2A 7). 
Their accuracy scores w ithou t biofeedback improved l i t t le  between 
days 1 and 4 and the d iffe rence between the accuracy scores on 
these two days was ins ign ifican t using the same test. The mean 
percentages o f tim e on ta rge t achieved w ithou t biofeedback on day 
1 and day 4, o f 16% and 19% respective ly were only s lig h tly  higher
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Fig. 32.1 To illu s tra te  the tw o main strategies adopted by two 
adu lt contro l subjects a ttem pting  the fine  contro l 
task w ithou t biofeedback: Integrated EMG levels 
(m icrovo lts) p lo tted against tim e  (seconds) fo r  three 
attem pts a t each o f the three ta rge t levels,
a) Subject 1 -  Maximum contractions.
bevel 1 Level 2 Level 3
In tegrated EMG  
m icrovolts
30 -
T im e in seconds
b) Subject 2 -  l i t t le  or no response.
In tegrated EMG^ 
m icrovolts
30 -
Level 2 Level 3Level 1
T im e in seconds
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than the score of 15 % th a t could be obtained by a lte rna ting  rapid 
maxim al contractions w ith  relaxations over a scoring period. 
Examination o f the individual accuracy scores in th is group 
w ithou t biofeedback indicated tha t o f the 17 subjects tested, 10 
increased th e ir scores over the four days, 6 showed a decrease and 
1 did not change. Only 3 subjects a tta ined scores w ithou t 
biofeedback which fe ll w ith in  the adu lt predicted range w ith  
biofeedback de lim itted  by the standard error o f estim ate and one 
o f those was be tte r on day 1 than day 4. The accuracy levels of 
the three highest scoring contro l subjects w ithout biofeedback are 
summarised in table 32.1.
Table 32.1
The percentage of time on target of the three highest 
scoring adult control subjects without biofeedback on day 4 
together with their day 1 scores for comparison.
Day 1 
Without biofeedback
Day 4 
Without biofeedback
Subject 1 
Subject 2 
Subject 3
24
64
8
53
53
43
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The steadiness measures were not re liab le fo r the fine  
contro l task w ithou t biofeedback because i t  was not possible to 
ca lcu la te th is  score fo r subjects who adopted the stra tegy shown 
in figure  32.1(b) and therefore  scored zero. I t  was possible to 
count a score o f zero fo r the pecentage o f tim e  on ta rge t score, 
but not fo r the steadiness score.
The low scores and s light im provem ent achieved w ithou t 
biofeedback in the adult contro l group were in contrast to  th e ir 
performance w ith  biofeedback which was be tte r each day, although 
not s ign ifican tly  so, than the performance o f the adu lt 
experim ental group w ith  biofeedback. No s ign ifican t positive 
corre la tion  was found between scores w ith  and w ithou t biofeedback 
in the adult contro l group and an exam ination of ind iv idual scores 
indicated tha t the two subjects who scored highest w ith  
biofeedback on day 4 gained very low scores w ithou t biofeedback 
tha t day (see table 32.2).
Table 32.2
The % of time on target of the subjects with the highest 
day 4 scores with biofeedback: a comparison of their day 4 scores 
without biofeedback.
Day 4 
With biofeedback
Day 4 
Without biofeedback
Subject 1 
Subject 2
134
113
13
8
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3.2 (2) RELAXATION TASK.
The mean in tegrated EMG scores w ith  and w ithou t 
biofeedback in the four age groups (A-D) over the four days o f 
tra in ing  are p lo tted in the graphs o f figure  32.3. Scores w ith  and 
w ithou t biofeedback each day were compared using re lated t-tes ts  
and Dunn’s c r it ic a l values o f t  fo r e ight comparisons (2 measures 
over 4 days). Standard e rro r bars were drawn on the graphs in 
figu re  32.3 fo r the days where a s ign ifican t d iffe rence between 
scores w ith  and w ithou t biofeedback were found. The youngest group 
never achieved a s ign ifican t d iffe rence between th e ir  mean 
in tegrated EMG scores w ith  and w ithou t biofeedback over the four 
days o f tra in ing  although the d iffe rence between th e ir day four 
scores w ith  and w ithou t biofeedback would have been s ign ifican t 
had steadiness not been measured as part o f the same experim ent 
( [3 7 ] t=2.86 p>0.05 c r it ic a l value o f t=2.66 fo r four 
comparisons). The 6.6- 8.5 year olds achieved s ign ifican tly  lower 
mean in tegrated EMG levels w ith  biofeedback than w ithou t on the 
last two days o f tra in ing  ( [3 7 ] t=3.80, t=4.73, p<0.03, c r it ic a l 
value o f t=2.89 fo r eight comparisons). The 8.6-10.7 year olds 
were s ign ifican tly  be tte r w ith  biofeedback than w ithou t 
biofeedback each day except fo r the second ( [3 7 ] t=3.18, t=3.36, 
t=3.70, p<0.05, c r it ic a l value o f t=2.89 fo r e ight comparisons).
The mean in tegrated EMG levels in the fron ta lis  muscles o f the 
adult group w ith  biofeedback were not s ign ifican tly  d iffe re n t from  
th e ir levels w ithou t biofeedback on the f ir s t  or second day o f
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tra in ing , although the differences on the second day would have 
been s ign ifican t had steadiness not been measured ( [3 7 ] t=2.83 
p>0.05 c r it ic a l value o f t=2.66 fo r fou r comparisons). On the 
th ird  day the ir mean in tegrated EMG levels w ith  biofeedback were 
s ign ifican tly  lower than levels w ithou t biofeedback ( [3 7 ] t=4.28, 
p<0.05, c r it ic a l value o f t=2.89 fo r e ight comparisons). The 
in tegrated EMG levels w ithou t biofeedback had dropped by day 4 to  
levels equivalent to  those w ith  biofeedback and the d iffe rence  was 
no longer s ign ificant.
The mean steadiness scores w ith  and w ithout biofeedback in 
the four age groups (A-D) over the four days o f tra in ing  are shown 
in figure 32.4. Comparisons o f scores w ith  and w ithou t biofeedback 
w ith in  each age group were again carried out using re la ted t  tests 
and Dunn's c r it ic a l value o f t  fo r e ight comparisons. S ign ifican t 
differences were illus tra ted  in figure  32.4 in the same way as 
described fo r figure  32.3. The pattern  o f d ifferences in the 
steadiness scores w ith  and w ithou t biofeedback was s im ila r to  th a t 
reported fo r the mean EMG scores w ith  and w ithou t biofeedback in 
the tw o youngest age groups (A and B). The 4.5-6.5 year olds (A) 
were never s ign ifican tly  steadier w ith  biofeedback than w ith ou t 
biofeedback while the 6.6-8.5 year olds (B) were s ign ifican tly  
steadier w ith  biofeedback than w ithou t biofeedback on the last two 
days ( [3 7 ] t=3.47, t=3.80, p<0.05, c r it ic a l value o f t=2.89). The
8.6-10.7 year olds (C), were s ign ifican tly  steadier w ith  
biofeedback than w ithou t biofeedback on the fou rth  day only ( [3 7 ]
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t=3.08, p<0.05, c r it ic a l value o f t=2.89) and the adult group were 
not s ign ifican tly  steadier w ith  biofeedback than w ithou t 
biofeedback on any day o f tra in ing.
The frequency o f subjects who did not gain s ign ifican tly  
lower mean in tegrated EMG scores w ith  biofeedback than w ithou t 
biofeedback on day 1 but who did so on days 3 or k was compared, 
using the McNemar test, w ith  the frequency o f subjects who gained 
s ign ifican tly  lower mean in tegrated EMG levels w ith  biofeedback 
than w ithou t biofeedback on day 1 but in whom this comparison was 
no longer s ign ifican t on days 3 or 4. A s ign ifican t d iffe rence  was 
seen in  each age group and these results are illu s tra ted  in tab le 
32.3.
Table 32.3
The frequencies of subjects with mean integrated EMG scores with 
biofeedback significantly better or worse than scores without biofeedback 
on day 1 compared with days 3 or 4.
No significant Significantly Significantly Significantly
difference better day 1 better day 1 Worse day 1
day 1 or 3/4 worse day 3/4 better day 3/4 Better day 3/4
(1) (2) (3) (4)
AGE
A 14 2 5 19
B 13 1 10 15
C 6 3 14 15
D 7 1 15 16
Results of the McNemar test. 
Chi-suare 
12.19 ***
12.25 ***
9.39 **
13.24 ***
AGE 2 4
A 2 19
B 1 15
C 3 15
D 1 16
df=l critical value of Chi-square=3.84 p<0.05 
* p<0.05 ** p<0.01 *** pCO.OOl
The percentage o f subjects who were s ign ifican tly  be tte r 
w ith  biofeedback than w ithou t biofeedback on e ither the th ird  or 
fou rth  day o f tra in ing  was 60% in group A, 64% in group B, 76% in 
group C and 80% in group D. Computation o f these percentages fo r 
e ithe r the th ird  or fou rth  day allowed both subjects who only 
achieved a s ign ifican t d iffe rence on the last day o f tra in ing  and 
subjects who achieved s ign ifican t differences on the th ird  day but 
whose levels w ithou t biofeedback had decreased on the fou rth  day 
to be included in the same count.
The adult contro l group who were pre and post-tested on 
the fine  contro l task also attem pted both re laxation tr ia ls  each 
day w ithou t biofeedback. Their mean in tegrated EMG scores in  both 
re laxation tr ia ls  over the four days o f tra in ing  are p lo tted  in 
figure 32.5. A comparison o f th e ir mean in tegrated EMG scores 
atta ined during the re laxation tr ia ls  before and a fte r  the fine  
contro l task using re lated t-tes ts  resulted in no s ign ifican t 
differences. A comparison o f the frequency of these subjects 
having no s ign ifican t differences between the mean in tegra ted EMG 
scores o f two tria ls  on day 1 but a s ign ifican t d iffe rence on days 
3 or 4 w ith  the frequency o f subjects having a s ign ifican t 
d iffe rence between the in tegrated EMG scores o f the two tr ia ls  on 
day one but no s ign ifican t d iffe rence on days 3 or 4 using the 
McNemar test was also ins ign ifican t. The mean in tegra ted EMG 
scores o f th is group were reduced ins ign ifican tly  over tra in ing  
although a trend was seen fo r levels to  decrease between days 1
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and 3 and then increase on day four.
Differences between the mean in tegrated EMG scores o f the 
adult contro l group obtained in e ither the f ir s t  or second t r ia l 
w ithou t biofeedback and the in tegrated EMG scores o f the adult 
experim ental group w ith  and w ithou t biofeedback on each o f the 
four days o f tra in ing  were also ins ign ifican t when compared using 
independent t-tes ts .
Mean in tegra ted EMG scores and the lowest 20 second period 
w ith in  each two m inute tr ia l in the adu lt experim ental group w ith  
biofeedback are illu s tra ted  in figu re  32.5. A comparison o f these 
scores indicated tha t both scoring methods resulted in a very 
s im ila r pattern  over the four days but w ith  a trend fo r the second 
method to result in lower scores.
Figure 32.6 illus tra tes  the mean in tegrated EMG levels 
maintained fo r the last tw enty seconds o f the stab ilisa tion  period 
which preceeded the fine  contro l task in the four age groups (A -D ) 
over the four days o f tra in ing. The mean in tegrated EMG scores 
w ith  and w ithou t biofeedback are also rep lo tted in figu re  32.6. A 
comparison between the stabilisa tion levels and levels a tta ined 
w ith  and w ithout biofeedback in each o f the four age groups using 
re lated t-tes ts  and Dunn's c r it ic a l value of t  fo r e ight 
comparisons revealed no s ign ifican t differences. The detailed 
results o f a ll s ta tis tica l tests are described in appendix 1.
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Fig. 32.6 A comparison o f the mean in tegrated EMG scores w ith  and 
w ithou t biofeedback atta ined by the adult experim enta l 
group (coded D) on each o f the four days o f tra in ing  
w ith  th e ir lowest mean in tegrated EMG scores fo r  tw en ty  
seconds in the same re laxation periods.
In tegrated  EMG
m icrovolts
Mean In tegrated  
EMG Levels
Lowest EM G  Score  
(20 secs)3.0 _
T im e in days
Without feedbackWith feedback
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3.2 (3) SUMMARY OF RESULTS: EFFECTIVENESS OF EMG 
BIOFEEDBACK.
a) Fine contro l task.
The main adu lt group and separate adult group who were 
tested w ithout biofeedback a t the end o f the day 1 and day 4 
sessions were shown to  achieve accuracy scores w ith  biofeedback 
which were not s ign ifican tly  d iffe re n t. However, the d ifferences 
between the day 4 accuracy scores w ith  and w ithou t biofeedback o f 
the separate adu lt group were highly s ign ifican t. Such a 
comparison could not be made fo r the groups o f children. No 
relationship was found between the scores w ith  and w ithou t 
biofeedback in the separate adult group.
b) Relaxation task.
Each o f the four age groups showed a s ign ifican t increase 
in the frequency o f subjects achieving s ign ifican tly  low er mean 
EMG scores w ith  biofeedback than w ithou t biofeedback between day 1 
and days 3 or 4 o f tra in ing. Such a s h ift was not found in the 
adult contro l group. No s ign ifican t differences between scores 
w ith  and w ithou t biofeedback were seen in the youngest children 
aged 4.5-6.5  years and th is group never achieved the low mean EMG 
levels w ith  or w ithou t biofeedback which they managed b r ie fly  
during the stabilisa tion period which preceeded the fine  con tro l 
task. The 6.6- 8.5 year olds and the 8.6-10.7 year olds achieved 
s ign ifican tly  lower mean EMG scores w ith  biofeedback than w ith ou t 
biofeedback on the last tw o days o f tra in ing. They were also
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s ign ifican tly  steadier w ith  biofeedback than w ithou t on a t least 
one o f those days o f tra in ing . Both also groups achieved 
ins ign ifican tly  lower mean EMG levels w ith  biofeedback than in the 
stabilisa tion period on the last day o f tra in ing. The adu lt group 
only achieved s ign ifican tly  lower mean EMG levels w ith  biofeedback 
than w ithou t on the th ird  day o f tra in ing  and were never 
s ign ifican tly  steadier w ith  biofeedback than w ithout. No 
s ign ifican t d ifferences were found between the adult experim ental 
and contro l groups.
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CHAPTER 3 -  SECTION 3
THE MOTOR SKILLS ANALOGY: A POSSIBLE MECHANISM BY WHICH EMG 
BIOFEEDBACK MIGHT OPERATE IN INCREASING VOLUNTARY CONTROL OF THE 
FRONTALIS MUSCLES.
3.3 (1) LEARNING CURVES.
(la) Fine Control Task
(lb) Relaxation Task
3.3 (2) TASK-DEPENDENT OR GENERAL COMPETENCE.
3.3 (3) RETENTION AND REMINISCENCE AFTER A 2-3 MONTH 
BREAK IN TRAINING.
(3a) Fine Control Task
(3b) Relaxation Task
3.3 (4) SUMMARY OF RESULTS.
3.3 (1) LEARNING CURVES.
a) Fine contro l task.
Figure 33.1 shows the change in accuracy scores, p lo tted 
as mean percentage o f tim e  on ta rge t, over the four days o f 
tra in ing  fo r each o f the four age groups (A-D). Day 1 and day k 
accuracy scores were compared w ith in  each age group using Dunn's 
c r it ic a l values o f t  fo r e ight comparisons (4- days and 2 
measures). H ighly s ign ifican t session e ffe c ts  were found fo r each 
age group ( [3 7 ] t=7.04, t=7.63, t=9.98, t=7.00 p<0.05 c r it ic a l 
value o f t=2.89 fo r e ight comparisons). Additional comparisons 
between scores on consecutive days indicated th a t each o f the four 
groups also made s ign ifican t gains between the day 1 session and 
the day 2 session ( [3 7 ] t=3.10, t= ^A 6 , t=6.60, t=5.29, p<0.05, 
c r it ic a l value of t=2.89 fo r e ight comparisons). The youngest and 
oldest children add itiona lly made a s ign ifican t gain between day 
two and day three ( [3 7 ] t=3.71, t=3.17 p<0.05, c r it ic a l value o f 
t=2.89).
The mean steadiness scores fo r each o f the four age groups 
(A-D) over the four days o f tra in ing  are illu s tra te d  in figu re  
33.2. Very s ign ifican t session e ffec ts  were found in each age 
group when day 1 and day 4 scores were compared in the same way as 
the accuracy scores ( [3 7 ] t=3.96, t=5.39, t=5.82, t=5.21 p<0.05) 
c r it ic a l value o f t=2.89 fo r  e ight comparisons). However, 
comparisons indicated tha t on th is  measure the 6.6- 8.5 and
8.6-10.7 year olds made additional s ign ifican t gains between days
276
F igu re  33.1
Accuracy over four days in four age groups A -D .
Mean % tim e  
on target
70 -
60 -  
50 -  
40 -  
3 0 -  
20 -
Adults D
Age 8 f - 1 0 f  yrs c
Age 6 f  -  8 f  yrs B 
Age -  6 {  yrs A
i
Tim e in days
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F igure 33.2
Steadiness over four days in four age groups (A -D ).
Mean standard
deviation
9.0 H
8.0
7.0 H
6.0 —I Age yrs A
5.0 H Age 6 |  -  8^ yrs B
Age 8 | - 1 0 i  yrs C
3.0 H
Adults D
Tim e in days
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tw o and three ( [3 7 ] t=3.30, t=2.97 p<0.05 c r it ic a l value o f t=2.89 
fo r  e ight comparisons) and the adults made a fu rth e r s ign ifican t 
gain between day 3 and day 4 ( [3 7 ] t=2.96 p<0.05 c r it ic a l value o f 
t=2.89 fo r e ight comparisons).
b) Relaxation task.
The mean in tegrated EMG and mean steadiness scores w ith  
and w ithou t biofeedback in the four age groups (A-D) over the four 
days o f tra in ing  were p lo tted in figures 32.3 and 32.4 which were 
presented in the previous section o f th is chapter on pages 265 and 
267 respective ly. Comparisons w ith in  groups using Dunn's c r it ic a l 
value o f t  fo r 16 comparisons (4 days, 2 conditions and 2 
measures) indicated th a t only the 4.5-6.5 year olds achieved 
s ign ifican t decreases in mean in tegrated EMG scores w ith  
biofeedback between days 1 and 4 ( [3 7 ] t=5.30 p<0.05 c r it ic a l 
value o f t=3 .19 fo r 16 comparisons). The youngest group was also 
the only one to  show s ign ifican t session e ffe c ts  in  steadiness 
scores w ith  biofeedback ( [3 7 ] t=4.44 p<0.05 c r it ic a l value o f 
t=3.19 fo r  16 comparisons). No s ign ifican t session e ffe c ts  were 
found fo r mean in tegrated EMG or steadiness scores w ithou t 
biofeedback in any o f the four age groups, nor were s ign ifican t 
session e ffe c ts  found w ith  biofeedback in the three oldest age 
groups. The fu ll results o f the s ta tis tica l analyses are presented 
in appendix 1.
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3.3 (2) THE DEGREE TO WHICH PERFORMANCE ON THE TWO 
BIOFEEDBACK TASKS WAS TASK-SPECIFIC OR AN 
UNITARY TRAIT.
The relationships between the performance of the same 
subjects on the fine  con tro l task and the re laxation task were 
examined using Pearson’s product-m om ent corre la tion  co e ffic ie n t. 
Relationships were looked fo r between the accuracy and steadiness 
scores o f the fine  contro l task and the mean in tegrated EMG scores 
and steadiness scores o f the re laxation task. The highest positive 
corre la tion  was found between the to ta l steadiness scores on the 
two tasks when the four age groups were combined (r = +.663 p < 
0.05). The proportion o f variance in one o f the to ta l steadiness 
scores explained by the variance in the other was 44%, (r squared 
= .4395). P a rtia l corre la tion  coe ffic ien ts  were also used to  make 
the same comparisons. The strength o f the relationship was reduced 
to 30%,( r= +.55 p< 0.05), when age d ifferences were pa rtia lled  
out s ta tis tica lly  by this method.
Comparisons of the to ta l steadiness scores fo r each task 
w ith in  each age group also yielded s ign ifican t, but lower positive 
corre lations in a ll groups except fo r  the oldest children which 
are summarised in table 33.1.
Table. 33.1 The relationships between tota l steadiness scores
from the fine control task and the relaxation task 
in age groups (A-D).
Age 4.5-6.5 6.6-8.5 8.6-10.7 Adults
r +.434 +.473 +.240 +.341
p < 0.05 < 0.05 > 0.05 < 0.05
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Comparisons between the to ta l in tegrated EMG scores w ith  
biofeedback fo r the re laxation task and the to ta l percentage 
scores on ta rge t fo r the fine contro l task yielded a s ign ifican t 
negative corre la tion  when the four age groups were combined, but ' 
the strength o f re lationship between the two variables was much 
weaker than th a t described fo r  the steadiness scores (r=-.337 p < 
0.05). The proportion o f concom itant varia tion  in the two 
variables was only 11%, (r squared =.114) and th is was reduced to  
6% when the e ffe c t o f age was partia lled  out (r=-.24 p<0.05; r 
squared =.058). A comparison o f these variables in  the four 
separate age groups showed th a t the only s ign ifican t positive 
corre la tion  was in  the adu lt group (r =+.271 p < 0.05) and the 
degree o f variance in one variable explained by the variance in 
the other was again very low, only 7% (r squared =.073).
The degree o f re lationship between the to ta l mean 
in tegrated EMG levels or the to ta l accuracy scores w ith  the 
steadiness scores fo r the other task was, surprisingly, greater 
than between the two non-steadiness scores fo r the two tasks (r 
=+.45 and r =-.41 respective ly, p < 0.05) fo r the combined age 
groups. These values were again reduced but were s t il l s ign ifican t 
when age e ffe c ts  were partia lled  out (r =+.41 and r =-.31 
respectively p<0.05). When the four separate age groups were 
examined the only s ign ifican t corre lations between these variables 
were found in the adult and the 4.5-6.5 year old groups. The to ta l 
mean in tegrated EMG levels and steadiness on the fin e  con tro l task
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showed s ign ifican t positive corre lations in  the 4.5-6.5 year old 
group (r =+.404 p < 0.05). In the adu lt group the negative 
corre la tion  between the to ta l fine  contro l accuracy scores and 
re laxation steadiness scores was just s ign ifican t (r =-.272 p <
0.05) but the strength o f the relationship was again very low,
(7%).
Comparisons o f day 1 and day 4 scores on the tw o tasks fo r 
the complete sample showed the highest positive corre la tion  to  be 
between day 4 steadiness scores fo r the tw o tasks (r =+.461 p < 
0.05). A weaker, negative corre la tion  was found between the day 4 
re laxation, steadiness scores w ith  biofeedback and the day 4 
accuracy scores (r =-.307 p < 0.05). No other comparisons yielded 
s ign ifican t corre lations. The strongest relationships were found 
in the youngest age group, when these variables were examined in 
the four separate age groups (A-D). S ign ificant negative 
corre lations were seen between the day 4 re laxation steadiness 
scores and the day 4 accuracy scores in  the 4-6 year olds (r 
=-.426, p < 0.05) and the day 4 in tegrated EMG scores and the day 
4 steadiness scores on the fine  contro l task (r =+.428 p < 0.05).
The day 1 steadiness scores on the two tasks were also just 
s ign ifican tly  positive ly corre lated in th is  age group (r=+.279 p <
0.05). No other consistent pattern  o f relationships was found in 
the other age three groups.
The iden tities  o f the very good and weak subjects 
iden tified  by the regression techniques in section 3.1 were
282
checked to  see i f  outstanding individuals were the same fo r each 
task but no consistency was found.
3.3 (3) RETENTION OF SKILLS LEARNED WITH BIOFEEDBACK 
AFTER A 2-3 MONTH BREAK IN TRAINING.
a) Fine Contro l Task.
The subjects who were available fo r re -testing  on a f i f t h  
day, 2-3 months a fte r the f ir s t  period o f tra in ing  were from  three 
age groups, adults (n=23), 8.6-9.5 year olds (n=22) who w ill be 
called juniors, and 4.5-6.5 year olds (n=21) who w ill be called 
children. Figure 33.3 shows the mean accuracy (% on ta rge t) scores 
fo r each o f these three age groups, on days 1, 4 and 5. Each group 
showed a slight, but ins ign ifican t decrement in scores between 
days 4 and 5. The possib ility tha t the leve l o f re ten tion  m ight be 
re lated to  the degree o f learning tha t took place in the f ir s t  
tra in ing  period was examined. The to ta l sample who were retested 
were divided in to  the highest scoring ha lf and the lowest scoring 
ha lf on the basis o f th e ir day 1 scores. The day 4 and day 5 
scores o f these two groups are illu s tra ted  in figu re  33.4.
D ifferences between the day four and day five  scores o f the 
highest and lowest scoring halves were compared using re la ted 
t-tests . The lowest scoring ha lf showed a small, but in s ign ifican t 
increase over th e ir day four scores whereas the day five  scores o f 
the highest scoring half were 15% lower than th e ir day fou r scores 
( [3 2 ] t=2.694, p<0.05). 55% o f the poor group increased th e ir  
scores on day five  whereas only 0.9% of the good group managed to
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Fig. 33.3 To show the e ffe c t of a 2-3 months break in tra in ing  on 
accuracy (% o f tim e on ta rge t) scores in the subjects 
o f three age groups who were retested.
Mean % time
target
70 -
> 0  Age 18 yrs6 0 -
S Age 8-9 yrs
Age H  -  6 | yrs
3 0 -
— I—  —  ■------------ 1-------— ;— ;----------T-------------- -
DAY 1 DAY 4 DAY 5 Time in days
2 U
Fig. 33.4 To show the e ffe c t o f a 2-3 months break in tra in ing  on 
accuracy (% o f tim e on ta rge t) scores in the subjects 
o f three age groups who were retested and sp lit in to  
the highest scoring half ('good subjects') and the 
lowest scoring ha lf ('poor subjects') on the basis o f 
the ir day 1 scores: Their day 4 and day 5 scores.
Mean % time 
on target
70 J
6 0 -
5 0 -
40 -
3 0 -
V-
'good' subjects.
 —  V 'poor' subjects.
 I-----
DAY 4
 1------
DAY 5 Time in days
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increase the ir tim e on target.
3b) Relaxation Task.
The mean, in tegrated EMG scores fo r days 1,4 and 5 o f 
tra in ing  w ith  and w ithou t biofeedback, fo r the three age groups 
who were retested, are illu s tra ted  in figures 33.5, 33.6 and 33.7. 
The differences between the scores w ith  biofeedback and w ithou t 
biofeedback on day five  were s ign ifican t in each group (adults 
[2 2 ] t=6.17 p<0.05 c r it ic a l value o f t=2.074; juniors [2 1 ] t=3.94 
p<0.05 c r it ic a l value o f t=2.080; children [2 0 ] t=4.76 p<0.05 
c r it ic a l value o f t=2.086). The scores w ith  biofeedback were 
reduced from  the day fou r levels, unlike the scores w ithou t 
biofeedback. This reduction was s ign ifican t in each age group 
(children [2 0 ] t=3.51 p<0.05 c r it ic a l value o f t=2.086; juniors 
[2 1 ] t=2.23 p<0.05 c r it ic a l value o f t=2.080; adults [2 2 ] t=3.391 
p<0.05 c r it ic a l value o f t=2 .074). (Had the three age groups not 
been considered as being involved in three separate experiments 
then the reduction in the juniors would have missed significance 
as the c r it ic a l value o f t  fo r three comparisons w ith  21 degrees 
of freedom is 2.60). The children's score w ithou t biofeedback rose 
ins ign ifican tly  between day 4 and day 5. The adu lt score w ithou t 
biofeedback was identica l on days 4 and 5 while the score o f the 
juniors w ithou t biofeedback dropped s ign ifican tly  ( [2 1 ] t=3.136 
p<0.05 c r it ic a l value o f t=2.080).
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Fig 33.5 To show the e ffec t of a 2-3 month break in training on
mean in tegrated EMG scores w ith  and w ithou t biofeedback 
on the children (4.5-6.5 year olds) on days 1, 4 and 5.
Integrated EMG 
microvolts
10.0 _
9.0 -
8.0 -  
7 .0 .  
6 .0 - 
5.0 -
4 .0 -
3 .0 -
2.0 - 
1.0 -
---------- 0" • a ------------
Mean EMG 
-  FEEDBACK
Mean EMG 
+ FEEDBACK
  1—
DAY 1
 !—
DAY 4 DAY j  Tim e in days
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Fig 33.6 To show the e ffec t of a 2-3 month break in tra in ing on
mean in tegrated EMG scores w ith  and w ithou t biofeedback 
on the juniors (8.5-10.7 year olds) on days 1, 4 and 5.
Integrated EMG 
microvolts
10.0
9.0 _
8.0  -
7 .0 -
6.0 -
5 .0 - Mean EMG 
-  FEEDBACK
Mean EMG
3 .0 -
+ FEEDBACK
2.0 -
1.0 -
Time in daysDAY 1 DAY 5
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Fig 33.7 * To show the e ffec t of a 2-3 month break in training on
mean in tegrated EMG scores w ith  and w ithou t biofeedback 
on the adults who were retested on day 5.
Integrated EMG 
microvolts
10.0 -
9.0 -
8.0 -
7 .0 -
6.0 -
5.0 -
_______ Q  Mean EMG -  FEEDBACK
B  Mean EMG + FEEDBACK
3 .0 -
2.0 -
1.0 -
DAY 5 Time in daysDAY 1
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3.3 (4) SUMMARY OF RESULTS.
a) Learning curves.
S ignificant session e ffe c ts  between days 1 and 4 in 
accuracy and steadiness scores were reported in each o f the age 
groups fo r the fine  contro l task. However, in the re laxa tion task, 
the only s ign ifican t session e ffe c ts  between days 1 and 4 were 
seen in the youngest group o f children aged 4.5-6.5 years w ith  
biofeedback. No other s ign ifican t session e ffec ts  were reported.
b) Task dependent or general competence.
The relationships between scores on the two tasks were 
complex. However, the strongest re lationship was found between the 
steadiness scores on the two tasks. Weak negative corre lations 
reported between to ta l accuracy scores and to ta l mean in tegra ted  
EMG scores were lost when the re lationship between these scores 
was examined in the separate age groups and the clearest 
relationships between the other combinations o f measures on the 
tw o tasks were seen in the 4.5-6.5 age group.
c) Retention and reminiscence a fte r a 2-3 month break in tra in ing .
Be tte r evidence o f re tention was seen in the re laxation 
task than the fine  con tro l task. In the re laxation task each o f 
the three age groups gained s ign ifican tly  lower mean in tegra ted 
EMG scores w ith  biofeedback on the f i f th  day o f tra in ing  than on 
the fou rth  day. They also achieved s ign ifican tly  lower scores w ith  
biofeedback than w ithou t biofeedback on the f i f t h  day o f tra in ing . 
Each group in the fine  contro l task showed an ins ign ifican t
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reduction in accuracy scores between days 4 and 5. A comparison o f 
the highest and lowest scoring halves o f the to ta l sample who were 
retested 2-3 months la te r showed th a t the accuracy scores o f the 
highest scoring ha lf declined s ign ifican tly  between days 4 and 5 
while the scores of the lowest scoring ha lf showed a s light and 
ins ign ifican t increase.
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CHAPTER 3 -  SECTION 4
SEX DIFFERENCES IN THE ABILITY TO PERFORM THE FINE CONTROL 
AND RELAXATION TASKS.
3.4 (1) THE FINE CONTROL TASK.
3.4 (2) THE RELAXATION TASK.
3.4 (3) SUMMARY OF RESULTS.
3.4 (1) Fine control task.
Mean accuracy and steadines scores fo r females and males 
in each o f the four age groups (A-D) over the four days o f 
tra in ing  are illu s tra ted  in figure  34.1. Two-way analyses o f 
variance o f to ta l accuracy and steadiness scores by age and sex 
resulted in no s ign ifican t sex d ifferences fo r e ithe r measure fo r 
the fine  contro l task.
3.4 (2) Relaxation task.
Female and male to ta l mean in tegrated EMG scores and to ta l 
steadiness scores w ith  and w ithou t biofeedback were compared 
w ith in  each o f the four age groups (A-D). Two-way analysis o f 
variance o f to ta l steadiness scores from  the re laxation task by 
age and sex indicated no s ign ifican t sex differences fo r th is  
measure w ith  or w ithou t biofeedback. Nor were the mean in tegra ted 
EMG scores w ithou t biofeedback in the two sexes s ign ifican tly  
d iffe re n t. However, two-way analysis o f variance o f the to ta l mean 
in tegrated EMG scores w ith  biofeedback by age and sex resulted in 
s ign ifican t e ffec ts  o f sex ([1 ,148 ] F=6.50 p<0.05) although the 
two-way in te raction  w ith  age was ins ig ifican t. Despite th is 
result, the d ifferences between the in tegrated EMG levels w ith  and 
w ithou t biofeedback in the adult females and males were also 
analysed separately in order to compare the results o f th is study 
w ith  those of previous studies.
The mean in tegrated EMG scores w ith  and w ithou t biofeedback 
fo r  females and males in the adu lt group (D) over the four days o f
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tra in ing  are therefore  illu s tra ted  in figu re  34.2a, together w ith  
the same measures fo r the children aged 4.5-6.5 years (A) as a 
comparison in figu re  34.2b. Comparisons o f the fem ale and male 
mean in tegrated EMG scores w ith  biofeedback w ith in  the adu lt group 
on each o f the four days using independent t  tests and Dunn's 
c r it ic a l value o f t  fo r fou r comparisons (4 days) showed tha t the 
adult females had s ign ifican tly  higher mean in tegrated EMG levels 
w ith  biofeedback than the adult males on the f irs t,  th ird  and last 
day o f tra in ing  ([38, t=2.82, t= 3 .11, t=3.39, p<0.05, c r it ic a l 
value of t=2.66 fo r 4 comparisons). I t  was also noted tha t the 
mean in tegrated EMG levels w ith  biofeedback in females aged
8.6-10.7 years appeared higher than the mean in tegra ted EMG levels 
w ith  biofeedback o f males on the fou rth  day o f tra in ing  and th is 
d iffe rence was found to  be s ign ificant, ( [3 7 ] t=2.75 p<0.05 
c r it ic a l value of t=2.66 fo r 4 comparisons). These s ign ifican t 
differences are illu s tra ted  by the inclusion of standard error 
bars in figure  34.2a on the appropriate days.
The mean in tegrated EMG scores w ithou t biofeedback o f 
females and males o f the adu lt group and the oldest children were 
also compared using independent t-tes ts . No s ign ifican t 
differences between the two sexes were found in the oldest 
children on this measure. However, the adult females were also 
shown to  have s ign ifican tly  higher mean EMG scores w ithou t 
biofeedback than the adult males on the f irs t,  th ird  and last days 
o f tra in ing  ( [3 7 ] t= 3 .13, t=4.15, t=4.34 p<0.05 c r it ic a l value o f
Fig. 34.2 To illu s tra te  the sex differences in mean in tegrated
EMG scores w ith  and w ithou t hiofeedback over the four 
days o f tra in ing ,
a) Adults (D).
In tegrated EMG  
m icrovolts
4 .0 -
3 .0 -
2.0 -
+ FEED BAC K -  FE ED BAC K
fem ale
m ale
1
IStandard erro r where significant d ifference between groups p<0.05
T im e in days
b) 4.5-6.5 year olds (A).
In tegrated EMG
m icrovolts
+ FEEDB ACK -  FE E D B AC K
8.0  -
7.0 -
6.0  -
5 .0 -
T im e  in days
□  m ale
V  fem ale
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t=2.66 fo r 4 comparisons). Standard erro r bars are again used to 
illu s tra te  these s ign ifican t d ifferences in figure 34.2b. A trend 
was also seen fo r the adult females to have higher mean in tegrated 
EMG levels than males in the last tw en ty seconds o f the 
stabilisa tion period preceeding the fine  contro l task, illus tra ted  
in figure  34.3, although the differences were ins ign ifican t.
No s ign ifican t sex differences were found in the frequency 
d is tribu tion  o f the number o f individuals who did be tte r w ith  
biofeedback than w ithou t on each o f the four days.
3.4 (3) SUMMARY OF RESULTS: SEX-DIFFERENCES.
A dult females were found to  have s ign ifican tly  higher mean 
in tegrated EMG scores w ith  and w ithou t biofeedback than adu lt 
males on three out of the four days o f tra in ing  and females aged
8.6-10.7 years also had s ign ifican tly  higher mean in tegrated EMG 
scores w ith  biofeedback than males o f the same age group on the 
fourth  day o f tra in ing  only. No other sex differences were 
iden tified .
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CHAPTER 3 -  SECTION 5
THE RELATIONSHIP BETWEEN THE ABILITY TO PERFORM THE FINE CONTROL 
AND RELAXATION TASKS AND THE ABILITY TO CARRY OUT TWO SPATIAL 
ABILITY TASKS THAT WERE DESIGNED TO ASSESS ORIENTATION ABILTY.
Relationships were f ir s t  looked fo r between the to ta l 
scores from  the biofeedback tasks and the to ta l scores from  the 
spatia l a b ility  tasks when the four age groups (A-D) were combined 
to fo rm  one group, called the to ta l sample. S ign ificant 
relationships were found betwen to ta l scores on a ll tasks when the 
scores o f the to ta l sample were included in the analyses using 
Pearson's product-m om ent corre la tion coe ffic ien t. These results 
are summarised in table 35.1.
Table 35.1
The relationships between to ta l scores from  the 
biofeedback tasks and the spatia l a b ility  tasks in the to ta l 
sample o f subjects.
r  P
Total mirror score/ total EMG + biofeedback + 0.376 0.0001 *
Total mirror score/ total % time on target - 0.500 0.0001 *
Total video score / total EMG + biofeedback - 0.435 0.0001 *
Total video score / total % time on target + 0.391 0.0001 *
* Values significant p<0.05
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However, a d iffe re n t pattern  emerged when to ta l scores on 
the four tasks were compared w ith in  age groups, as can be seen 
from  table 35.2. The relationships between scores on the 
biofeedback and the spatia l a b ility  tasks in the 4.5-6.5 year old 
age group were d iffe re n t from  the relationships found in the other 
three age groups. The m irror-draw ing scores o f the youngest 
children were positive ly corre lated w ith  th e ir scores fo r the 
re laxation task but not fo r th e ir fine  con tro l task scores. The 
opposite was true  fo r  the other three age groups where th e ir 
m irror-draw ing scores were re lated to th e ir fine  contro l scores 
but not to  the ir re laxa tion scores.
The scores fo r the video task corre lated weakly w ith  
scores on a ll the other tasks in the youngest age group. In the 
other three groups no s ign ifican t corre lations were found between 
the video task scores and any o f the biofeedback task scores, w ith  
the exception o f a weak negative corre la tion  w ith  the steadiness 
score fo r the fine  contro l task in the 6.6- 8.5 year old group.
35.1 SUMMARY OF RESULTS
No consistent pattern  o f re lationship between scores on 
the biofeedback tasks and the spatia l a b ility  tasks was found. The 
relationships between scores on the biofeedback tasks and the 
spatial a b ility  tasks in the youngest children age 4.5-6.5 years 
(A) were d iffe re n t to  these relationships in the other three age 
groups (C-D). The only re lationship found in a ll three groups 
(C-D) was tha t to ta l steadiness scores w ith  biofeedback were
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Table 35.2 To illu s tra te  the relationships between to ta l scores 
on the biofeedback and the spatial a b ility  tasks in 
the age groups coded A-D .
TOTAL MIRROR SCORE A B C D
WITH:-
Total video N/S N/S N/S N/S
Total EMG r 0.452 N/S N/S N/S
with FB P 0.01
Total +FB r 0.587 N/S N/S N/S
steadiness P 0.01
Total % time r N/S 0.367 0.451 N/S
on target P 0.01 0.01
Total steady r N/S 0.539 0.566 0.568
Fine control P 0.01 0.01 0.01
TOTAL VIDEO SCORE 
WITH:-
Total EMG r 0.422 N/S N/S N/S
with FB P 0.05
Total +FB r 0.293 N/S N/S N/S
steadiness P 0.05
Total % time r 0.348 N/S N/S N/S
on target P 0.05
Total steady r 0.473 0.301 N/S N/S
Fine control P 0.05 0.05
All printed values of r significant, p<0.05.
Key for age code
A k .5 -6 .5  years
B 6.6-8.5 years
C 8.6-10.7 years
D Adults 18 yrs +
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significantly positively correlated w ith the to ta l m irror scores.
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CHAPTER FOUR
DISCUSSION
CHAPTER 4.1 -  AN EVALUATION OF THE EXPERIMENTAL DESIGN 
USED IN THIS RESEARCH
(1) SELECTION OF SUBJECTS
(2) SIZE OF SAMPLES
(3) AN EVALUATION OF THE FINE CONTROL AND 
RELAXATION TASKS
i) Fine Contro l Task
a) Delineation o f the ta rge t.
b) Varia tion in mean EMG levels a t the 
s ta rt o f the task each day.
c) Scoring.
ii)  Relaxation Task
a) M odality o f biofeedback.
b) Number, length and organisation o f 
sessions.
c) Presence or absence of experim enter.
d) Scoring.
ii i)  The a tten tion  placebo contro l condition.
iv) Problems inherent in repeated measures designs.
v) Inclusion o f both tasks in each session.
v i) Choice o f s ta tis tica l tests.
(4) SUMMARY
The experim ental design o f the m a jo rity  o f investigations 
reviewed in the in troductory  chapter were c ritic ised  and described 
as preventing evaluation o f the effectiveness o f EMG biofeedback. 
Therefore the experim ental degign adopted in the present study 
w ill be discussed before the detailed findings are assessed.
4.1 (1) SELECTION OF SUBJECTS.
Although the review of the lite ra tu re  did not ind ica te 
c learly  tha t the way subjects were selected was like ly  to  a ffe c t 
the outcome o f biofeedback tra in ing  i t  was fe lt  th a t care should 
be taken to  ensure tha t the subjects were not drawn from  a special 
group. The children aged 4.5-10.7 years (n=117) were drawn from  
one local ILEA prim ary school, which was selected because i t  was 
only five  minutes walk from  the laboratory where testing took 
place. The school was situated in Roehampton and pupils were drawn 
both from  council estates and from  priva te  sector housing. The 
d iffe re n t e thnic groups in the catchm ent area were also 
represented although the fa c t tha t the school had a C atho lic  
foundation could have resulted in a higher proportion o f Polish 
and Spanish pupils than m ight otherwise have been expected. The 
classes in the school were not streamed and there fo re  the testing  
o f a ll members o f a class (apart from  absentees due to illness or 
music lessons) should have ensured a fu ll range o f academic 
a b ility  levels in each age group. It  was not possible to  assess
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th is assumption d ire c tly  because the school did not have available 
the results o f aptitude tests and, unfortunate ly, proposed 
in te lligence testing o f selected subjects by the psychologist (who 
also carried out the spatia l a b ility  testing) did not take place. 
However, discussions w ith  the class teachers confirm ed tha t each 
class included pupils o f a wide range o f a b ility  and th a t children 
were not allocated to  d iffe re n t classes on the basis o f aptitude.
The sample o f children was therefo re  thought not to be a typ ica l 
and no reasons were found to suggest tha t the three age groups 
(A-C) d iffe red  in academic a b ility .
The adult subjects (n=56) were selected from  the s ta ff and 
student population o f the Roehampton Ins titu te  o f Higher Education 
and were therefore less like ly  to be representative o f th e ir age 
group, although inclusion of maintenance s ta ff (n=4), 
adm in istra tive  s ta ff (n=15) and academic s ta ff (n=4) did mean th a t 
subjects came from  a more varied educational backgound than would 
have been the case had only undergraduate students been used. The 
ratios o f students to  academic s ta ff to  adm in istra tive  s ta ff to 
maintenance s ta ff in the adult experim ental and contro l groups 
were 24:3:10:2 (n=39) and 9:1:5:2 (n=17) respectively. These 
proportions were not s ign ifican tly  d iffe re n t and therefo re  the tw o 
groups were accepted as being equivalent in constitu tion . However, 
the selection o f adult subjects d iffe red  from  the selection o f the 
children in one way which could have a ffec ted  the outcome o f the 
re laxation task. The adults who voluntered to pa rtic ipa te  in the
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study were inform ed tha t biofeedback and re laxation were involved 
and i t  is therefo re  possible th a t some self-se lection occurred 
(Connally e t al., 1983 (reviewed p. 101-102)). Subjects who 
thought tha t they were like ly  to  be good a t the tasks m ight have 
been more like ly  to  volunteer. Self-selection was thought not to  
be an im portan t fa c to r in the groups of children because they were 
only volunteers in the sense th a t they were free to  w ithdraw  from  
the study, and the ra te  o f w ithdrawal was very low, e ithe r on 
request or due to  illness. I t  is also possible tha t the adu lt 
experim ental and contro l groups m ight have d iffe red  in the degree 
o f self-selection tha t took place because the experim enta l group 
were recru ited throughout the period in which data was co llected 
whereas the contro l group were only recru ited  in the second ha lf 
o f th is period. The contro l group m ight therefore  m ight have 
received more in fo rm ation  about the study from  previous 
partic ipants than subjects recru ited ea rlie r in the study.
^.1(2) SIZE OF SAMPLES.
Equal group sizes were aimed a t in order to  ju s tify  the 
use o f param etric s ta tis tica l tests, such as the student t - te s t 
and analysis o f variance. This was neccessary because an 
examination o f the descriptive s ta tis tics  (appendix 1) ind icated 
tha t assumptions about norm ality  o f d is tribu tion  and homogeneity 
o f variance between groups were not always m et. However, Howell 
(1982) described param etric tests as robust to such v io la tions of 
assumptions providing tha t group sizes are equal, or as equal as
possible. U n fortunate ly, lim ita tions  on the numbers o f subjects 
available in each age group and illness o f one 6.6- 8.5 year old 
(group B), two 8.6-10.7 year olds (group C) and one adu lt (group 
D) reduced the group sizes from  40 to  39 in group B, 38 in group C 
and 39 in group D. The differences in  sample size between groups 
A-D  were small and were thought to  meet Howell's c rite rio n  o f 
being 'as equal as possible'. This assumption was checked by 
removing two subjects a t random from  group A, one from  group B and 
one from  group D in order to  make the groups equal in size. The 
data were then re-analysed and the findings reported fo r the 
orig ina l groups were confirm ed. The results of the analyses 
carried out on the equal sized groups are summarised in appendix
1. The adult contro l group was unavoidably much sm aller than 
the adult experim ental group. However, th is d iffe rence in sample 
size was thought not to  be cruc ia l because the variances estim ated 
from  the adult contro l group were no more than tw ice  the variances 
estim ated from  the adult experim ental group. This degree o f 
d iffe rence between variance estim ates was described by Levine
(1981) as not requiring precautionary measures, such as tha t o f 
using a more conservative type I e rro r probab ility  level o f 0.02.
Sample sizes of fo rty  subjects in each o f the fou r age 
groups (A-D) were chosen on the basis o f the size o f d ifferences 
between the mean in tegrated EMG a c tiv ity  levels o f the fro n ta lis  
muscle w ith  and w ithou t biofeedback reported in previous studies. 
Contraction o f the fron ta lis  muscles w ith  biofeedback a t specified
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levels has not been investigated before, therefo re  only those 
studies which investigated reduction in resting tone in the 
fron ta lis  muscles were examined. The m a jo rity  o f such studies 
reviewed in chapter 1.3 did not report mean EMG levels and 
standard deviations while those which reported these details 
u tilised contro l groups which were critic ised  in chapter 1.3 as 
inadequate (Chen, 1981; Le Boeuf, 1980ab; Hamburger and Lohr, 
1981). However, in the absence o f a lte rna tive  evidence, the 
results o f the la tte r  studies were used as a guide. The standard 
deviation o f the d ifferences between the means was not reported in 
these studies and therefore  the greatest o f the two standard 
deviations around the individual means was used to  ca lcu la te  the 
d iffe rence. I t  was recognised th a t th is strategy was like ly  to  
result in smaller disparities than would have resulted from  using 
the standard deviation around the differences in means.
Chen (1981) compared tw elve experim ental subjects, who 
received visual EMG biofeedback over 11 X 20 m inute tra in ing  
sessions w ith  tw elve waiting lis t  contro l subjects whose fro n ta lis  
EMG levels were apparently m onitored only a t the beginning and end 
of the eleven sessions. The two groups did not d iffe r  
s ign ifican tly  a t pre-test while the d iffe rence between th e ir mean 
EMG levels a t post-test was 0.6 o f a standard deviation. Le Boeuf 
(1980a) compared three groups o f ten subjects who received 5 X 20 
m inute tra in ing  sessions. The groups did not d iffe r  s ig n ifica n tly  
a t pre-test while the experimental group achieved s ig n ifica n tly
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lower mean EMG levels a t post-test than e ither o f two contro l 
groups. The d iffe rence between the mean EMG score o f the 
experim ental group which received contingent aud itory EMG 
biofeedback and the mean EMG score o f the contro l group which 
recieved non-contingent aud itory EMG biofeedback was 0.68 o f a 
standard deviation. Hamburger and Lohr (1981) compared tw o groups 
of ten subjects over 5 X 30 m inute tra in ing  sessions. The 
experim ental group received fron ta lis  EMG biofeedback (although 
the m odality was not reported) while the contro l group received 
m otiva ting  instructions to  relax and listened to tapes about 
re laxation techniques. The d iffe rence between these two groups a t 
post-test was 0.8 o f a standard deviation. Le Boeuf (1980a) also 
included a th ird  contro l group which received m otiva ting  
instructions to relax but no biofeedback. The d iffe rence  between 
the mean EMG scores o f the experim ental group and th is  th ird  
contro l group was 1.2 o f a standard deviation. Le Boeuf (1980b) 
fu rth e r compared two groups o f tw enty subjects which received 8 X 
20 m inute tra in ing  sessions. The experim ental group received 
contingent auditory biofeedback while the contro l group received 
non-contingent biofeedback which gave the impression o f progress. 
The differences between these two groups was again 1.2 o f a 
standard deviation.
These differences there fo re  ranged from  0.6 to  1.2 o f a 
standard deviation and could be classified as medium to  large 
differences on the basis o f the defin itions o f Cohen (1969) who
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described d ifferences o f 0.2, 0.5 and 0.8 o f a standard deviation 
as small, medium and large respectively. Levine (1981) and Howell
(1982) summarised the work o f Cohen (1969) and indicated tha t, fo r 
a medium difference, a sample size o f 64 in each group would be 
neccessary in order fo r a t- te s t fo r the d iffe rence between two 
means to  have 0.8 power (alpha=0.05 tw o-ta iled ) while fo r a large 
d iffe rence a sample size o f 26 in each group would su ffice . Sample 
sizes o f 33 and 14 would be required fo r medium and large e ffe c ts  
(power=0.8, alpha=0.5) w ith  a repeated measures t- te s t. A sample 
size o f fo r ty  subjects was therefore  selected as fa llin g  between 
the f ir s t  two sets o f values and exceeding the second set. I t  was 
recognised tha t the mean EMG scores o f the contro l groups in the 
studies o f Chen (1981), Hamburger and Lohr (1981) and Le Boeuf 
(1980ab) m ight been higher than i f  an a tten tion  placebo or reduced 
sensitiv ity  contro l condition had been adopted and there fo re  the 
degree o f d iffe rence between the mean scores w ith  and w ithou t 
biofeedback m ight have been exaggerated (reviewed in chapter 1.3). 
The use of the greater standard deviation in ca lcu la ting  these 
differences was thought like ly  to  compensate fo r th is 
exaggeration. Constraints o f tim e and subject a va ila b ility  also 
meant th a t i t  was not possible to increase the sample size 
fu rthe r. However, the findings o f the present study ind ica te  th a t 
a sample size of a t least 60 subjects per group ra ther than 40 
would have been advisable because the s ign ifican t d ifferences 
between mean in tegrated EMG scores w ith  biofeedback and w ithou t
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biofeedback w ith in  the four age groups (A-D) were sm aller in size 
than was predicted on the basis o f the previous studies. The 
differences ranged from  0.3 to 0.5 o f a standard deviation and 
therefo re  could be classified as small to  medium ra ther than 
medium to large. The d ifferences between the adu lt contro l and 
experim ental groups were even sm aller, the greatest d iffe rence 
being 0.2 o f a standard deviation. Presumably the b rie f 4 X 4  
m inutes tra in ing  sessions adopted in the present study compared 
w ith  the minimum of 5 X 20 minutes o f tra in ing  in the studies on 
which the decision about sample size was based m ight account fo r 
the d isparity in the size o f the differences reported.
The results o f the present study there fo re  ind ica te  th a t 
an investigation using a sample size as small as six subjects 
together w ith  a b rie f period o f tra in ing  (Davies, 1980) would be 
unlike ly to  id en tify  s ign ifican t differences between groups 
because the power o f the s ta tis tica l tests used to  assess the 
differences was unacceptably low. For example, Cohen (1969) 
suggested th a t fo r a large d ifference, a sample size o f 13 per 
group would be neccessary fo r a t- te s t between means to  have a 
power o f only 0.5 (alpha=0.05). Even i f  type II errors did not 
occur and s ign ifican t results were reported, as in the study o f 
Connally e t al. (1983), the findings could not be considered 
typ ica l o f the population because a high level individual 
va ria tion  was reported in the present study in each o f the four 
age groups. I t  is therefore  possible th a t where group sizes were
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so small, a m a jo rity  o f very good experim ental subjects and poor 
contro l subjects could have been selected by chance.
4.1 (3) EVALUATION OF THE FINE CONTROL AND RELAXATION TASKS.
The rationa le fo r selecting the fine  contro l and the 
re laxation tasks was described in chapter 1.6 (6).
a) The fine con tro l task.
The only precedent fo r the fine  contro l task was the 
specific  task used by Johnston and Lethem (1981) w ith  
cardiovascular biofeedback. The d iscrim ination tasks adopted by 
Stilson e t al. (1980) w ith  the fron ta lis  muscle, Middaugh e t al.
(1982) w ith  the abductor hallucis muscle and by Pollard and K a tk in  
(1984) w ith  the laryngeal and masseter muscles did not involve 
biofeedback. In addition, the la tte r  two studies were reported 
a fte r data co llection  was completed. I t  is therefo re  not possible 
to compare the fine  contro l task d ire c tly  w ith  previous studies.
The three required levels of contraction  were selected because 
they were below 50 percent o f m axim al contractions and were evenly 
spaced on the lig h t bar (figure 2.b). No evidence th a t these 
levels were inappropriate was found during the study although i t  
is possible tha t the task w ithou t biofeedback m ight have been 
easier fo r subjects had only two, more w idely spaced levels been 
chosen. Nevertheless, two serious flaws in the design o f the task 
were iden tified ,
i) Delineation o f the ta rge t.
The f ir s t  problem involved the delineation o f the ta rg e t
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range. Subjects were instructed to  m ainta in illum ina tion  o f the 
ta rge t LED w ithou t illum ina ting  the LED to  the r ig h t o f the 
ta rge t. Voltages o f plus or minus 1.5 m icrovo lts around the ta rge t 
voltage were scored as on ta rge t. This narrow voltage range was 
chosen de liberate ly because an increase in in tegrated EMG a c tiv ity  
level o f 0.8 m icrovo lts was su ffic ie n t to  cause the LED to  the 
rig h t o f the ta rg e t to  illum ina te  b r ie fly  while an increase o f 1.5 
m icrovo lts  resulted in its  fu ll illum ination . However, the 
narrowness o f the ta rge t range could have been one cause o f the 
low scores atta ined a t each level (62% was the highest mean score 
gained a t any o f the three levels). Low scores could also have 
resulted from  the fa c t th a t the ta rge t range was set a t plus or 
minus 1.5 m icrovo lts  around the voltage required to fu lly  
illum ina te  a ta rge t LED, while subjects were instructed not to  
illum ina te  the LED to  the r ig h t o f the target. Their scores 
therefore  tended to flu c tua te  around a mean which was below the 
ta rge t level. Obviously th is problem could have been solved e ithe r 
by increasing the w idth o f the ta rg e t band or by a lte ring  the 
ta rge t band so tha t both the upper and lower lim its  were reduced 
and the ta rge t level was therefo re  close to  the upper lim it .  
U nfortunate ly, i t  was not possible to  make th is a lte ra tion  as the 
problem only became apparent some months in to  testing.
This problem m ight not have arisen had the ta rg e t range 
been indicated on the lig h t bar. I t  is possible th a t a clear 
demonstration o f the ta rge t range to  the subjects, fo r example
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using a computer display tha t set a shape and range w idth (as is 
now available from  Aleph One), would have helped a ll subjects (but 
pa rticu la rly  the youngest children) to have a more accurate 
concept o f what was required o f them. The use o f such a ta rge t 
system would also have perm itted  shaping procedures to be adopted 
w ithou t causing confusion. In it ia lly , subjects could have been 
given very broad ta rg e t ranges. The younger children would then 
have been less discouraged in the early tr ia ls  by lack o f success. 
Progressively narrower targets could then have been used, as 
subjects atta ined a c rite rion  level fo r a given ta rg e t in  a 
strategy s im ila r to th a t used by Craig and C leary (1982) in th e ir 
case study o f the use o f EMG biofeeback to  tre a t s tu tte ring  
(reviewed p. 66). The use o f a computer generated display would 
additionally have made i t  possible to  score the tr ia ls  as i f  they 
were a computer game. Further m od ifica tion  o f the task, such th a t 
i t  was even more akin to  a computer game, m ight also be highly 
m otiva ting  fo r some children. This could help to  provide a 
solution to  a problem of working w ith  children id en tified  by 
F inley e t al. ('77) who commented th a t a m ajor problem they 
encountered was tha t o f continuing to  m otivate  children once a 
task was no longer new and exciting. This fa c to r was not a problem 
in the present short study.
ii)  Variation in mean EMG levels a t the s ta rt o f the fine  con tro l 
task from  day-to-day.
The second problem w ith  the design of the fine  con tro l
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task was tha t the s ta rting  point fo r each subject was determined 
by the mean in tegrated EMG levels atta ined during the 
stabilisa tion period p rio r to  the fine  contro l task each day. A t 
the end o f th is period the illum ina tion  o f the LED's was adjusted 
so tha t only the LED's from  the le f t  to  the centre o f the lig h t 
bar were fu lly  illum inated. Therefore, the s ta rting  point fo r th is 
task appeared the same to  individuals from  day-to-day, despite the 
fa c t tha t th e ir EMG levels may have been d iffe re n t. This method 
was adopted, ra ther than allow ing subjects to s ta rt the fine  
contro l task from  a d iffe re n t s ta rting  point each day, because 
both were trie d  during p ilo t work and the la tte r  s tra tegy seemed 
to confuse the younger subjects. However, the problems encountered 
by subjects in a ttem pting  the fine  contro l task w ithou t 
biofeedback could have resulted in part from  the fa c t th a t the 
sta rting  point only appeared to  be the same each day and, in 
retrospect, the second strategy m ight have been preferable.
Although th is problem of experim ental design cannot be 
ignored, its  e ffe c t was like ly  to  be s light in the adult group 
because th e ir mean in tegrated EMG levels atta ined during the last 
tw enty seconds o f the stab ilisa tion period which preceded the fine  
contro l task were found to be surprisingly consistent. The mean 
in tegrated EMG scores in th is group d iffe red  by only 0.1 
m icrovolts over the four days o f tra in ing  (see figu re  32.7). An 
exam ination o f individual s tab ilisa tion levels over the fou r days 
o f tra in ing  also indicated th a t in 76 percent o f the adu lt
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subjects the range was 1 m ic rovo lt or less. A dd itiona lly , 49 % of 
the adult subjects had ranges o f less than 0.5 m icrovo lts  over the 
four days o f tra in ing  and therefo re  th e ir day-to-day differences 
in s ta rting  levels were as low as 0.1 or 0.2 m icrovolts. These 
s ligh t variations in s ta rting  levels would seem un like ly to  a ffe c t 
the a b ility  to  carry  out the task w ithou t biofeedback. The mean 
stab ilisa tion levels in the three groups o f children (A-C) over 
the four days o f tra in ing  also only varied to  a lim ite d  extent 
although a trend towards a drop in mean stabilisa tion levels was 
seen o f 0.8, 0.4 and 0.3 m icrovo lts  respectively. These 
stabilisa tion levels are also illu s tra ted  in figure  32.7. 72%, 56% 
and 76% o f these three age groups also atta ined stabilisa tion 
levels over the four days o f tra in ing  which varied less than 1.1 
m icrovolts. However, the individual varia tion  from  day-to-day was 
greater in the three groups o f children (A-C) where only 20%, 25% 
and 28% o f subjects respective ly atta ined ranges lower than 0.5 
m icrovo lts .
The varia tion in individual stabilisa tion levels from  
day-to-day could have re flec ted  e ithe r genuine d ifferences in 
levels o f resting tone in the fron ta lis  muscles or could have been 
caused by s light discrepancies in the positioning o f electrodes 
each day or from  other variations in the in te rface  between skin 
and electrodes. The individual changes in resting tone or 
impedance must have occurred randomly in the adu lt group because a 
d irectiona l change was not seen. I t  is therefore possible th a t the
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drop in stabilisa tion levels in the three groups o f children 
resulted from  reductions in levels o f resting tone as the children 
settled down over the four days o f tra in ing. This possib ility  w ill 
be discussed more fu lly  la te r (pp. 346, 350). It was recognised 
while the study was being designed th a t repeated app lication of 
electrodes m ight result in variations in  in tegrated EMG levels 
unrelated to  changes in resting tone o f the fron ta lis  muscles. 
Therefore every e ffo r t  was made to be consistent in skin 
preparation and the positioning and cleaning o f electrodes.
Contacts were re jected i f  use o f the 50 Hz. notch f i l te r  caused 
more than a tw enty percent reduction in mean EMG levels. 
Consistency o f e lectrode positioning was checked during p re -p ilo t 
work by repeatedly marking the position o f electrodes using the 
plastic tem plate. The sub jec ts  forehead was covered w ith  a double 
sheet o f baking parchment (attached w ith  transpore tape) on which 
the so ft wax pencil marks were made. Additiona l double sheets o f 
paper were then sellotaped over the f ir s t  sheet a t each t r ia l.
The sheets were then removed from  the forehead en bloc a fte r  six 
repetitions and placed on an overhead pro jector in order to 
compare the positioning o f the pencil marks. Electrodes were also 
applied repeatedly to a p ilo t subject at five  m inute in te rva ls  
in terva ls over the period o f an hour. Mean in tegrated EMG levels 
were monitored fo r tw enty seconds a fte r the subject had carried 
out the fine  contro l task and then rested fo r a period o f a m inute. 
Variations in mean in tegrated EMG levels o f 0.3 m icrovo lts  were
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recorded,
ii i)  Scoring.
The scoring system adopted fo r th is task was based on tha t 
used by Johnston and Lethem (1981) who measured the percentage of 
cardiac cycles which fe ll w ith in  the ta rge t area. Both Stilson e t 
al. (1980) and Pollard and Katk in  (1984) measured the mean 
in tegrated EMG scores a tta ined a t each of th e ir ta rg e t EMG levels. 
This measure was considered not to be appropriate fo r the fine  
contro l .task because the ta rge t was a band of tw o m icrovo lts  
ra ther than a single m ic rovo lt level. P ilo t work indicated th a t 
subjects could score identica l mean EMG levels over each four 
seconds t r ia l ye t the percentage o f tim e tha t th e ir in tegra ted EMG 
levels fe ll w ith in  the ta rg e t range varied as much as tw en ty  
percent. The percentage o f tim e on ta rge t was there fo re  selected 
as a more sensitive measure o f accuracy fo r the fine  con tro l task 
than the mean EMG levels. The consistency o f subjects' scores was 
also m onitored by Johnston amd Lethem (1981) who measured the 
dispersion o f IBI scores around the mean by ca lcu la ting the 
absolute deviation in milliseconds o f each IBI from  the ta rg e t IBI 
averaged over each five  m inute tr ia l.  Such a measure was 
considered fo r the fine con tro l task because p ilo t work indicated 
tha t adults were like ly  to be steadier than children in th e ir 
a ttem pts a t contracting th e ir fro n ta lis  muscles to  prescribed 
levels. However, Howell (1982) described the mean absolute 
deviation as best used as a measure o f dispersion around the
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median ra ther than dispersion around the mean and indicated tha t 
the standard deviation can be considered loosely as a measure o f 
average deviation around a mean. The standard deviation was 
there fo re  chosen as the prefered measure o f dispersion o f scores 
around the mean in tegrated EMG score atta ined a t each level o f the 
fine contro l task. Johnston and Lethem (1981) reported th a t they 
observed only t r iv ia l d ifferences between the ir two measures. 
However, i t  proved useful to  measure both accuracy and steadiness 
in the fine  con tro l task because, although subjects did not gain 
high accuracy scores w ithout also gaining high steadiness scores, 
i t  was possible fo r a subject to be very steady but to  m ainta in a 
level just below the ta rge t level. I t  would therefo re  have been 
useful to  compute a single score: something which would have been 
possible had the deviation from  the required mean ra ther than the 
deviation from  the observed mean been recorded.
The major problem experienced w ith  the fine  contro l task, 
o f assessing how w ell subjects could perform  the task w ithou t 
biofeedback, w ill be discussed fu lly  la te r when the a tten tion  
placebo contro l condition is evaluated. However, only a separate 
adult group was retested w ithou t biofeedback a t the end o f the 
f ir s t  and the fou rth  sessions as a consequence o f a d if f ic u lty  
encountered w ith  the scoring system. The tr ia ls  w ithou t 
biofeedback fa iled  to  commence because most subjects did not reach 
the threshold (80% of the expected level) tha t was required to  
trigge r the scoring o f a tr ia l.  The few who did produce
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contractions su ffic ie n t to  s ta rt the t r ia l tended to  in it ia te  
maxim al contractions what ever the required level and they 
therefore  gained scores close to  zero. U nfortunate ly, the 
magnitude o f the problem was not evident in p ilo t work because the 
subjects tested adopted the la tte r  stra tegy and there fo re  the 
tr ia ls  took place, even i f  the scores were low. The scoring system 
was f in a lly  m odified so th a t subjects did not have to  reach 80% of 
the ta rge t before scoring commenced, but too la te  to  incorporate 
the new scoring system in to  the main study. I t  was there fo re  not 
possible to  make pre and post-test comparisons o f accuracy and 
steadiness scores w ithou t biofeedback fo r the four age groups 
(A-D) as was planned in it ia lly .
b) The Relaxation Task.
In contrast to  the fine  contro l task, reduction o f resting 
tone in the fron ta lis  muscles using EMG biofeedback was previously 
described as being the subject o f many studies. However, the 
m a jo rity  o f the studies reviewed in chapter 1.3 were c ritic ise d  
fo r th e ir poor design and findings were described as inconclusive,
i) M odality o f biofeedback.
For example, neither visual nor aud itory biofeedback were 
shown to be re la tive ly  more e ffe c tive . Visual analogue biofeedback 
was therefore  selected in the present study because i t  provides 
more in fo rm ation  about the magnitude o f reduction in resting tone 
over tim e  than auditory analogue biofeedback (O 'Connell e t al.
1979). This fa c to r was judged to  be more im portan t than the
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possible drawback o f subjects a ttem pting  to  reduce resting tone in 
the fron ta lis  muscles w ith  th e ir eyes open (Alexander e t al.
1977). Visual biofeedback was also thought to be most appropriate 
fo r  the fine  contro l task. A dd itiona lly , p re -p ilo t work w ith  young 
children aged 6-7 years indicated th a t a change in p itch  or ra te  
o f c licks was too exc iting  fo r them to  se ttle  down to  a tte m p t to 
reduce resting tone in th e ir fron ta lis  muscles.
S ign ificant differences between mean in tegra ted EMG scores 
w ith  and w ithou t biofeedback were obtained in the present study, 
despite the b rie f tra in ing. This indicates th a t the fa c t th a t 
subjects' eyes were open did not prevent reduction in resting tone 
w ith  visual biofeedback. C onfirm ation th a t visual biofeedback was 
equivalent to auditory biofeedback was obtained from  the work o f 
Cooney (1983) who investigated the e ffe c t o f ins truc ting  subjects 
e ither to reduce resting tone in th e ir fron ta lis  muscles or to  
relax the whole body on in tegrated EMG levels in the fro n ta lis  
muscles. He used the Biodata 120 equipment also used in the 
present study to  provide th ir ty  six students o f the Roehampton 
Ins titu te  o f Higher Education w ith  aud itory EMG biofeedback over 
three five -m inu te  sessions. The mean in tegrated EMG levels fo r a ll 
subjects monitored over a ten m inute baseline period a t the  s ta rt 
o f the f ir s t  day o f tra in ing  (a fte r a f if te e n  m inute 
acclim atisation period) was 3.4 (+-1.0) m icrovolts. This leve l o f 
resting tone was not s ign ifican tly  d iffe re n t to the mean 
in tegrated EMG levels atta ined by the adult experim enta l group in
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the present study w ithou t biofeedback on the f ir s t  day o f tra in ing  
o f 3.7 (+-1.4) m icrovo lts . The two studies were not d irec tly  
comparable, but the mean in tegrated EMG levels a tta ined w ith  
auditory and visual biofeedback were surprisingly s im ila r. The 
subjects o f Cooney (1983) using auditory biofeedback gained a mean 
level o f 3.0 (+-0.9) m icrovo lts a fte r two, five  m inute sessions o f 
tra in ing  on consecutive days while a level o f 3.0 (+-1.4) 
m icrovo lts was atta ined by the adult experim enta l subjects o f the 
present study w ith  visual biofeedback on the fou rth  day o f 
tra in ing  (a fte r a to ta l o f e ight m inutes tra in ing  w ith  
biofeedback).
ii)  Number, length and organisation o f sessions.
The review o f previous studies which investigated 
reduction o f resting tone in the fron ta lis  muscles using EMG 
biofeedback (p. 110).concluded tha t a minimum o f three tra in ing  
sessions was advisable. The length and organisation o f tra in ing  
session in previous studies was described as varying from  two 
m inutes (Siddle and Wood, 1979) to  f i f t y  minutes (Lustman and 
Sowa, 1983), although d irec t evidence about the optim al length of 
tra in ing  sessions was not found. Most studies also adopted an 
adaptation period ranging fom  10 minutes (Sagberg and Kveim , 1981) 
to 15 minutes (Sallis and Lichstein, 1979) prior to  the experim ent 
in order to allow  subjects to habituate to the laboratory.
However, d iff ic u lty  was experienced during p ilo t work in se ttling  
the children to  rest qu ie tly  fo r any length of tim e, even when
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music was played or a story read to  them ( it  would also have been 
very d if f ic u lt  to  contro l fo r individual reactions to  such s tim u li 
had they been used !). The younger children were able to  lie  
qu ie tly  fo r only tw o to  three minutes. Therefore long adaptation, 
baseline and re laxation sessions had to be re jected fo r a ll 
subjects and f in a lly  a tw o m inute period w ith  biofeedback and a 
s im ila r period w ithou t biofeedback each day was selected. Four 
days o f tra in ing  were selected because the perform ance o f adult 
p ilo t subjects started to plateau a fte r two days o f tra in ing  while 
tha t o f p ilo t children aged 6-8 years started to  level o f f  a day 
la te r. I t  was also thought th a t four, two m inute sessions should 
m inim ise generalisation over tim e because neither Middaugh and 
M ille r (1980) nor Lee e t al. (1976) reported any evidence o f th is 
a fte r six m inutes tra in ing  w ith  biofeedback. 4 tra in ing  sessions 
on consecutive days were also the maximum th a t ch ildren could miss 
school.
The to ta l o f e ight m inutes EMG biofeedback tra in ing  was 
just adequate fo r adult subjects and children aged 8.6-10.7 years 
(group C) to  achieve lower mean in tegrated EMG levels w ith  
biofeedback than w ithou t biofeedback. I t  is also possible th a t 
generalisation over tim e occurred on the fourth  day o f tra in in g  in 
the adu lt group, thus supporting the findings o f Middaugh and 
M ille r (1980) and Lee e t al. (1976). However, a longer period o f 
tra in ing  was needed in order to  determ ine whether or not 
biofeedback tra in ing  was e ffe c tive  w ith  subjects aged *f.5-6.5
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years. A period p rio r to  testing in which the childen aged .5-8.5 
years (A-B) were allowed to acclim atise to the equipment in tasks 
which were not scored m ight also have been advisable because i t  
proved d if f ic u lt  to  separate the results o f children se ttling  down 
and concentrating on the task from  genuine e ffe c ts  o f the 
biofeedback tra in ing  (discussed in de ta il in chapter 4.2 and 4.3).
I t  was therefo re  d if f ic u lt  to  draw firm  conclusions about the 
effectiveness o f EMG biofeedback in these age groups,
ii i)  The e ffe c t o f the presence or absence of the experim enter on 
level o f resting tone in the fron ta lis  muscles.
Clear evidence about the e ffe c t o f presence or absence of 
the experim enter on mean in tegrated EMG levels was not found in 
the previous studies reviewed in chapter 1.3 (p. 111). I t  was 
therefore  decided th a t the experim enter should be present 
throughout each session in order to  encourage sustained e f fo r t  by 
repeating the instructions a t 45 second in terva ls. In fa c t, p ilo t 
work indicated tha t the presence o f the experim enter was essential 
fo r the youngest children (group A) who needed to  be encouraged 
more frequently than the other age groups, pa rticu la rly  in the 
tr ia ls  w ith  biofeedback where the youngest children seemed to 
enjoy just illum ina ting  and extinguishing the LED's over the fu ll 
length o f the lig h t bar. Even those w ith  good in it ia l con tro l 
could not resist doing this and such differences in  approach could 
account to  some extent fo r th e ir poor day one and day tw o scores 
on both tasks.
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Whether or not these children could be considered to  . 
have voluntary contro l o f th e ir fron ta lis  muscles depends on the 
de fin ition  o f vo luntary contro l adopted. I f  tha t o f P lo tk in  (1980) 
is accepted, the children were not fu lly  in contro l. P lo tk in  
(1890) attem pted to  define vo luntary contro l by including i t  as a 
special category o f an in ten tiona l action and there fo re  suggested 
th a t in ten tiona l actions can be analysed along f iv e  parameters, 
the cognitive, the competence, the m otivationa l, the perform ance 
and the achievement. He described the f ir s t  param eter as involving 
making distinctions between one or more states o f a ffa irs  while 
the second indicates tha t an in ten tiona l exercise o f sk ill ra ther 
than a chance occurrence is involved. The performance o f the 
youngest subjects indicated th a t they were able both to  make 
distinctions about d iffe re n t levels o f resting tone in the 
fron ta lis  muscles and to  a lte r those levels deliberate ly. However, 
they did not want to perform  the required task a t a given po in t in 
tim e  in order to  a tta in  a particu la r outcome, th a t is, they did 
not fu l f i l  P lo tk in 's m otivation , performance and achievm ent 
parameters. Only the cognitive and competence parameters o f an 
in ten tiona l act were fu lf il le d . An acc lim atisation period p rio r to 
testing, which was suggested previously, m ight have helped the 
youngest children to  become used to  the equipment, making them 
less like ly  to  try  out m axim al contractions and more lik e ly  to  
concentrate on the set task; as a result, the discrepancy between 
the performances o f the five  and six year old subjects m igh t have
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been reduced. The frequency w ith  which the youngest children 
needed to be encouraged and reminded about the task by the 
experim enter m ight also have been reduced and greater consistency 
in tim ing  instructions would have been achieved between groups.
The phrases used in instructions to  the youngest ch ildren 
were also less consistent than those used w ith  adults because a 
range o f strategies were found to  be neccessary to  keep the 
youngest children working a t the tasks. For example, one f iv e  year 
old subject showed excellent contro l in  the fine  contro l p ractice  
session each day, but gained very low scores fo r  accuracy and 
steadiness in the tes t sessions over the f ir s t  three days. On the 
fou rth  day he responded to  negative encouragement fo r  example "I 
bet you can 't do i t "  ra ther than the positive approach adopted 
w ith  a ll other groups (eg. "good, keep going like  tha t, just a 
l i t t le  higher (or lower or steadier")). If the older subjects 
followed the same pattern as the youngest some m ight have also 
been m otivated by an a lte rna tive  or less standardised mode of 
encouragement. U nfortunate ly, the studies reviewed in chapter 1.2 
and 1.3 did not provide fu ll details o f th e ir instructions and i t  
is not therefo re  possible to  compare instructions used in  w ith  
children in the present study to  instructions used in previous 
studies.
iv) Scoring the re laxation task.
Mean EMG levels (Finley e t al. 1977; Davis, 1980; Frid lund 
e t al., 1980; Le Boeuf, 1980 a,b); drop in mean EMG levels between
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the s ta rt and end of biofeedback training (Glaus and Kotses,
1979); EMG levels w ith  biofeedback as a proportion o f the baseline 
EMG levels w ithou t biofeedback (Davis, 1980; Carlson and Feld, 
1981) and the lowest level maintained fo r a specified period were 
described on p. 112 as the most commonly used techniques fo r 
m onitoring resting tone in the fron ta lis  muscles. No evidence 
about th e ir re la tive  advantages or disadvantages was found and 
therefore  mean EMG levels fo r each two m inute re laxation period 
were selected as the main measure because levels o f resting tone 
in the fron ta lis  muscles throughout the tra in ing  period was of 
in te rest. Changes in mean EMG levels over each tra in ing  period 
were discounted, both because the tra in ing  periods were so b rie f 
and because Cronbach and Furby (1970) advised against th e ir  use. 
The lowest score maintained fo r tw enty seconds was also calculated 
fo r the adult experim ental group in order to  a llow  a comparison 
between these two methods o f scoring to  be made. P redictably, the 
second measure resulted in lower in tegrated EMG levels than the 
f ir s t  measure. However, the pattern  o f changes over the fou r days 
o f tra in ing  m irrored each other closely and s ign ifican t 
differences between the two measures were not found (Figure 32.6).
The standard deviation around the mean in tegrated EMG 
levels in each re laxation session was used as a measure o f 
steadiness as in the fine  con tro l task. This measure was thought 
to be o f particu la r im portance in the re laxation task because 
K iffe r  e t al. (1981) suggested th a t subjects m ight a lte rna te ly
32 5
con trac t and re lax th e ir fron ta lis  muscles in order to  examine the 
contingency of the signal presented to  them in the contro l 
condition. These authors used three measures o f dispersion o f 
scores around the  mean in tegrated EMG scores and reported tha t the 
standard erro r, the variance and the number o f seconds th a t 
in tegrated EMG levels exceeded 15 m icrovolts were higher in  the 
two contro l groups, which received non-contingent aud itory 
biofeedback, than in the experim ental group. They a ttr ib u te d  th is 
trend to  probing strategies but also suggested th a t pressure from  
earphones m ight have been uncom fortable fo r subjects and there fo re  
have increased leve l o f resting tone. The greatest variance was 
reported in th e ir contro l subjects who were not in form ed about the 
lack o f contingency. The value o f m onitoring steadiness in  the 
present study w ill be discussed as part o f the evaluation o f the 
a tten tion  placebo contro l in the fo llow ing section o f th is 
chapter.
c) The a tten tion  placebo contro l condition.
The review o f the lite ra tu re  (chapter 1.2 and 1.3) 
id en tified  the choice o f contro l condition as being a m ajor 
experim ental design issue. C lin ica l studies were described as 
e ither comparing biofeedback w ith  an a lte rna tive  fo rm  o f therapy 
(Basmajian e t al., 1975; Mroczeck e t al., 1978; Burnside e t a l.,
1982; Inglis e t a l., 1984) or w ith  absence of biofeedback (Finley 
e t al., 1977; Middaugh and M ille r, 1980). Lee e t al. (1976 were 
described as using a non-contingent contro l condition but they
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pointed out th a t th e ir patients were like ly  to recognise the lack 
o f contingency i f  tra in ing  was longer than six m inutes. In 
contrast to  the rehab ilita tion  studies, a wide range of con tro l 
conditions were adopted in investigations in to  the e ffica cy  o f EMG 
biofeedback in reducing resting tone in the fron ta lis  muscles. 
However, a w a iting  lis t  condition (Chen, 1981; Banner and Meadows, 
1983), a no biofeedback condition (Shirley e t al., 1982; Banner 
and Meadows, 1983) and no biofeedback plus m otiva ting  instructions 
(Alexander e t al., 1977; Davis, 1980; Chen, 1981; Hamburger and 
Lohr, 1981; H iebert and Fitzsimmons, 1981; Qualls and Sheehan, 
1981a; Gaudette e t al., 1983; Schandler and Dana, 1983) were a ll 
c ritic ised  because they fa iled  to  provide subjects w ith  equivalent 
sensory stim ula tion, a focus o f a tten tion  or the possible placebo 
e ffe c ts  o f biofeedback.
A second group o f contro l conditions were described as 
like ly  to meet these c ritic ism s (a ttention placebo [Jones and 
Evans 1980; Neilson and Holmes, 1981; K iffe r  e t al., 1981] and 
non-contingent or a ltered contingency [L e  Boeuf 1980ab; 
Segret-Bures and Kotses 1982; Hatch e t al. 1983]). But, by 
providing subjects w ith  some form  o f non-contingent biofeedback, 
they were described as like ly  to result in a r t if ic ia lly  high 
levels o f resting tone. Contro l subjects m ight e ithe r recognise 
the lack o f contingency and therefo re  be less m otivated than the 
experim ental group or they m ight a ttem p t to  m anipulate the signal 
which was outside the ir contro l by a lte rna te ly  con tracting  and
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relaxing th e ir fron ta lis  muscles. This bias against contro l groups 
was described by Qualls and Sheehan (1981a) as su ffic ie n t reason 
fo r adopting a contro l condition w ithou t biofeedback but w ith  
m otiva ting  instructions. This a lte rna tive  was considered and 
re jected in the present study because i t  would not have allowed 
the placebo and specific  e ffec ts  o f biofeedback to  be evaluated. 
Non-contingent or a ltered contingeny biofeedback given to  subjects 
w ith  instructions which indicated tha t they were contingent 
biofeedback were also re jected because adults were thought more 
lik le y  to  recognise the lack o f contingency than the young 
children.
F ina lly  a fo rm  o f the condition, la te r described as an 
a tten tion  placebo contro l (Hatch, 1982), was selected as the most 
appropriate fo r subjects ranging in age from  4.5 to  55 years. This 
condition (reviewed pp. 64-65) was described as acting as a focus 
of a tten tion  rather than being presented to subjects as contingent 
biofeedback. For example, Jones and Evans (1981) presented contro l 
subjects w ith  a constant tone which they were to ld  would mask 
d is tracting  sounds while Neilson and Holmes (1980) used a tone 
which varied randomly in p itch  and in form ed contro l subjects th a t 
they were receiving sublim inal messages which should help them 
relax! Hatch (1982) commented tha t contro l subjects m ight a tte m p t 
to discover whether or not they could contro l the signal by 
a lte rna te ly  contracting and relaxing the ir fron ta lis  muscles. Even 
i f  they accepted lack o f contingency, they m ight be less m otiva ted
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than experim ental subjects.
The contro l condition in the present study was there fo re  
designed to  m inim ise the chance o f levels o f resting tone being 
raised as a result o f e ithe r probing or low m otiva tion . The focus 
o f a tten tion  and equivalent sensory stim ula tion was provided by 
the second lig h t bar which was programmed to  m im ic successful 
reduction in resting tone. Care was taken to  ensure th a t subjects 
did not expect the second lig h t bar, which was also used to  
demonstrate the fine  con tro l task, to be under th e ir con tro l. This 
appeared to  be successful because no subjects in any o f the fou r 
age groups (A-D) said th a t they expected to contro l the top lig h t 
bar, when questioned in an in fo rm a l debriefing session a t the end 
o f the four days o f tra in ing. The dispersion o f scores around the 
ta rge t level was also monitored and compared in the experim enta l 
and contro l conditions in each o f the four age groups over the 
four days o f tra in ing  in order th a t the degree o f a lte rna te  
re laxation and contraction o f the fron ta lis  muscles could be 
checked. The adult subjects were equally steady w ith  and w ithou t 
biofeedback each session and therefo re  both recognition o f lack o f 
contingency and frus tra tion , described by K iffe r  e t al. (1981), 
were elim inated in the present study in  th is age group. However, 
the children aged 6.6-10.7 years (groups B and C) were 
s ign ifican tly  steadier w ith  biofeedback than w ithou t on a t least 
tw o o f the four days o f tra in ing , and although a lte rna tive  
explanations w ill be considered la te r, (368) probing or
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frus tra tion  could not be ruled out in th is age range. The 
in te rp re ta tion  o f the comparison o f steadiness scores w ith  and 
w ithou t biofeedback in the youngest children (group A) was also 
d if f ic u lt .  Although they were not s ign ifican tly  steadier w ith  than 
w ithou t biofeedback on any o f the four days o f tra in ing  they m ight 
have used probing strategies in both experim ental and contro l 
conditions. This possib ility  w ill be examined in section 4.2 when 
the developmental d ifferences are discussed in deta il.
The fa c t th a t subjects m ight be less m otivated in the 
contro l condition than the experim ental condition (Davis, 1980; 
Yates, 1980; Qualls and Sheehan, 1981a; Hatch 1982) was also 
considered. Instructions were designed to  be equally m o tiva ting  in 
both conditions. Evidence about the e ffe c ts  o f subjects' or 
experim enters' expectancies on the outcome o f EMG biofeedback 
tra in ing  was reviewed in chapter 1.3 (Carlson and Feld, 1981; 
Segereto-Bures and Kotses, 1982; Connally e t a l., 1983 and Hatch 
e t al., 1983). The results were described as unclear but the 
possib ility tha t m otiva tion  o f subjects m ight be a ffec ted  th e ir  or 
the experim enter's expectations could not be discounted. However, 
i t  is unlike ly th a t the expectancies o f th is  experim enter about 
success or fa ilu re  of EMG biofeedback covertly  a ffec ted  m otiva tion  
o f subjects in the f ir s t  months o f data co llection  because th is  
experimenter did not antic ipate  th a t EMG biofeedback would be 
e ffe c tive . Although, i t  is possible, as the  data co llection  
proceeded and earlie r results were analysed by the experim enter,
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th a t expectancies o f greater success w ith  biofeedback were 
established.
M otivation in the re laxation contro l cond ition was thought 
like ly  to  be greater than in the contro l conditions reviewed by 
Hatch (1982) because subjects received m inim al biofeedback. The 
biofeedback lig h t bar was covered w ith  a ve lcro s trip  during the 
contro l tr ia ls  and subjects were given in fo rm ation  about th e ir 
performance a t the end o f the re laxation task by removing the 
velcro s trip . The children aged 6.6-10.7 years (groups B and C) 
seemed to  be highly m otivated in both experim ental and contro l 
conditions. They trea ted the covering o f th e ir own lig h t bar as a 
game and were ce rta in ly  eager to  find  out how w e ll they had 
reduced resting tone in th e ir fron ta lis  muscles a t the end o f the 
re laxation session w ithou t biofeedback. I t  was less clear th a t 
m otiva tion  was equivalent in the experim ental and contro l 
conditions in the adult group. In an in fo rm a l debriefing a t the 
end o f the four days some adults commented th a t focussing 
a tten tion  on the demonstration lig h t bar prevented them from  using 
a lte rna tive , preferred methods o f re laxation. This suggests th a t 
they were complying w ith  instructions to  attend to  the con tro l 
signal. However, they were less in terested than the children in 
seeing the biofeedback lig h t bar a t the end o f the con tro l period 
and the possiblity o f a lower level o f m otiva tion  in th is  age 
group in the contro l condition than the experim ental cond ition 
cannot be dismissed. The use o f a repeated measures experim enta l
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design m ight have reduced m otiva tion  in the con tro l condition 
compared to  the experim ental condition in the adu lt group, despite 
the equivalent instructions, because adult subjects were in form ed 
tha t the study involved EMG biofeedback. They m ight there fo re  have 
decided fo r themselves th a t they expected the biofeedback 
trea tm en t to  be more e ffe c tive . In retrospect, i t  m ight have been 
preferable to  adopt a contro l condition in which subjects were 
provided w ith  less in fo rm ation  about changes in EMG leve l than in 
the experim ental condition, such as the reduced sens itiv ity  
contro l condition adopted by Large and Lamb (1984). .
' Mean EMG levels could be in tegrated over a longer tim e  
period in the con tro l condition than the experim enta l condition.
Such a condition should be no more like ly  to result in problems of 
probing, frus tra tion , lack o f c re d ib ility  or boredom than the 
experim ental condtion. I t  should also be equally m o tiva ting  fo r 
subjects o f a ll age and could be used in a c lin ica l se tting 
because i t  would not be expected to worsen a pa tien t's  condition.
In fa c t, the reduced level o f in fo rm ation  should be as e ffe c tiv e  
as maximum in form ation  biofeedback i f  e ither the operant 
conditioning or placebo paradigms were correct (reviewed pp.
125-132)
However, i f  a repeated measures design was adopted 
together w ith  a reduced sens itiv ity  contro l cond ition ^ it is s t i l l  
possible tha t m otivation m ight be lower in  the con tro l cond ition 
than the experim ental condition because subjects m ight expect
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maximum in form ation  to  be most e ffe c tive . Instructions would have 
to  be very ca re fu lly  phrased so tha t subjects knew th a t the two 
conditions were d iffe re n t but were not provided w ith  any 
expectation o f greater success in the experim ental condition. An 
independent group design which incorporated a double-blind 
procedure could be used to  solve th is  problem, although the 
results o f the present study ind icate th a t between-group 
differences m ight be too small fo r s ta tis tica l significance unless 
sample sizes as large as 126 were adopted (Cohen, 1969) or longer 
tra in ing  periods used. I t  cannot be assumed therefore, th a t a 
reduced sensitiv ity  contro l condition would m eet a ll the 
requirements o f a sa tis factory contro l condition. However, i t  
would have been invaluable in the present study because the 
fa ilu re  o f subjects to  a ttem p t the fine  contro l task in the 
contro l condition should have been elim inated and the specific  
role o f biofeedback in the fine  contro l task could there fo re  have 
been assessed more e ffe c tive ly .
d) Problems o f repeated measures experim ental designs.
Carry-over o f skills learned w ith  biofeedback to  the 
contro l condition was id en tified  in chapter 1.2 as a problem 
inherent in repeated measures designs. However, i t  was thought 
un like ly to  occur in the f ir s t  three days o f tra in ing  in the 
present study which provided a to ta l o f only six m inutes 
re laxation w ith  biofeedback because Middaugh e t al. (1982) 
reported no evidence o f such generalisation over tim e  in six
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minutes o f tra in ing. The results o f the present study w ill be 
te n ta tive ly  in te rpre ted  la te r in th is chapter as ind ica ting  tha t 
generalisation over tim e  m ight have occurred on the fou rth  day 
a fte r e ight m inutes o f tra in ing  w ith  biofeedback (section 4.3). One 
reason fo r separating the two re laxation periods each day by the 
fine  contro l task was to  reduce the chance of im m ediate 
generalisation occurring.
e) Inclusion of two tasks in each session.
Separation o f the two re laxation periods each day by the 
fine  contro l task also solved the problem o f occupying the 
a tten tion  o f the children in the period between the tw o re laxation 
tria ls . The varia tion  provided by a lte rna ting  short periods o f 
re laxation w ith  the fine contro l task enabled even the youngest 
subjects to  complete the required tasks each day. C erta in ly  the 
problem reported by Fruhling e t al. (1969), of boredom and fa tigue  
cu rta iling  the length o f sessions fo r children aged four and f iv e  
years, was not experienced in the present study. U n fortunate ly , 
Fruhling e t al. (1969) gave in su ffic ie n t de ta il about the ir 
methods to enable a comparison and evaluation o f the methods used 
in the two studies to  be made. The insertion o f the fine  con tro l 
task between the two re laxation periods add itiona lly  provided a 
standardised way o f increasing mean in tegrated EMG levels between 
the two re laxation periods fo r a ll subjects. However, i t  was 
recognised th a t the inclusion o f two tasks in each session was not 
to ta lly  satis factory because the experiences o f subjects during
one task m ight a ffe c t performances on subsequent tasks. The 
sequence of re laxation tr ia ls  w ith  and w ithou t biofeedback was 
therefo re  counterbalanced w ith in  age and sex groups in order to 
m inim ise any order e ffe c t.
Analysis o f the order e ffe c t o f preceeding tasks on e ither 
mean in tegrated EMG scores or analysis percentage o f tim e on 
ta rge t or steadiness in the four age groups (A-D) over the four 
days o f tra in ing  yielded no s ign ifican t results. Therefore the 
advantages o f including both tasks in  each session were thought to  
outweigh the disadvantages. I t  must be noted however, th a t a trend 
was seen fo r the mean in tegrated EMG scores o f the adu lt con tro l 
group who attem pted both re laxation tr ia ls  w ithou t biofeedback to  
be lower in  the f ir s t  t r ia l than the second t r ia l.  This was 
unexpected because p ilo t work had not indicated tha t execution of 
the fine  contro l task resulted in an increase in levels o f resting 
tone in the fron ta lis  muscles and a lte rna te  contraction and 
re laxation o f muscles is a technique used during re laxation 
tra in ing  (Nelson, 1980).
f) Choice of s ta tis tica l tests.
The rationa le fo r selecting param etric s ta tis tica l tests 
was discussed earlie r in th is  section and the d iff ic u lt ie s  o f 
analysing change over tim e  w ill be discussed in deta il la te r when 
developmental d ifferences are evaluated. However, the 
unorthodox use o f m u ltip le  t-tes ts  to  analyse differences between 
groups must be jus tified . The standard procedure, o f using
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analysis o f variance in order to id e n tify  differences between more 
than two groups and then, where s ign ifican t F ra tios were 
obtained, using post-hoc tests (Scheffe) to  explore unpredicted 
differences between a ll possible comparisons was used to  analyse 
developmental d ifferences. The Scheffe a posterio ri tes t was 
chosen because i t  can be used w ith  unequal group sizes and because 
i t  holds the experimentw ise e rro r constant fo r a ll possible linear 
contrasts although the la tte r  po int renders the Scheffe tes t less 
sensitive to  pairwise d ifferences than tests such as t-tes ts  
(Howell, 1982). However, the use o f m u ltip le  t-te s ts  has been 
critic ised  because, as the number o f comparisons increase, so the 
chance of making a type I erro r also increases (Howell, 1982). 
Nevertheless, Howell (1982) also suggested tha t the use o f 
m u ltip le  t-tes ts  was ju s tifie d  i f  the experimentw ise e rro r was 
lim ite d  by the use o f Dunn's conservative c r it ic a l values o f t  
(adjusted fo r the number o f comparisons) and i f  less than the fu ll 
set o f comparisons were o f a p rio ri in terest. Therefore m u ltip le  
t-tes ts  were used where d ifferences between groups were predicted 
on the basis o f previous o f investigations as, fo r example, where 
developmental d ifferences between the 5-6.5 year olds and the 
6.6-8 .5 year olds were id en tified  by the study o f Laszlo and 
Bairstow (1980). M u ltip le  t-tes ts  (and Dunn's conservative 
c r it ic a l values of t) were also used in order to  examine 
differences w ith in  groups (rather than a repeated measure analysis 
o f variance) where the s ign ifican t differences between scores each
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day were o f greater in te rest than an overa ll s ign ifican t 
d iffe rence (as w ith  the analysis o f effectiveness o f EMG 
biofeedback day-by-day and the analysis o f sex differences).
4.1 (4) SUMMARY OF THE DEFECTS OF EXPERIMENTAL DESIGN 
USED IN  THIS RESEARCH.
The m ajor defects highlighted in th is section were the 
lack o f a suitable contro l condition in the fine  contro l task fo r 
the subjects in age groups A -D  and d iff ic u ltie s  in determ ining how 
equivalent the contro l and experim ental conditions were in the 
re laxation task. The f ir s t  problem was not id en tified  during p ilo t 
work and the absence o f results w ithou t biofeedback therefo re  
meant tha t the findings o f the fine  contro l task could be 
a ttr ib u te d  only ten ta tive ly  to  the e ffe c ts  o f biofeedback per se 
in the groups o f children A -C . This d if f ic u lty  was not foreseen in 
the design stage o f the study because o f the lack o f previous 
investigations in th is area.
In contrast, the problems o f designing an adequate contro l 
condition in studies investigating the specific  effectiveness of 
EMG biofeedback tra in ing  in reducing resting tone in the fro n ta lis  
muscles have been much discussed and the m ajor p itfa lls  
iden tified . The a tten tion  placebo contro l condition which was 
adopted in the present study was thought like ly  to  c ircum vent the 
tw o main c ritic ism s levelled a t previous contro l conditions, which 
resulted in contro l groups having levels o f tone in the fro n ta lis  
muscles raised above resting levels. Probing as a result o f
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frus tra tion  or boredom was successfully e lim ina ted in the adult 
group in the present study, while m otivationa l levels were thought 
to  be equivalent in the experim ental and contro l conditions in the 
children. However, m otivationa l levels in the adu lt subjects may 
w ell not have been equivalent in the two conditions and i t  was not 
possible to  decide i f  s ign ifican t differences in steadiness scores 
between the experim ental and con tro l conditions in the children 
were due to  probing or a genuine e ffe c t o f biofeedback tra in ing .
I t  was therefore  cautiously suggested tha t a form  o f reduced 
sensitiv ity  con tro l condition m ight have solved the problems 
encountered in both fine  contro l and re laxation tasks.
A longer period o f tra in ing , larger sample sizes (o f a t 
least s ix ty  subjects per group), equal group sizes, ind ica tion o f 
the ta rge t band via a com puter display, shaping procedures and 
scoring as in a computer game were also suggested as possible 
m odifica tions to  the experim ental design used in th is  study.
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CHAPTER 4 .2
DEVELOPMENTAL AND INDIVIDUAL DIFFERENCES IN THE AB IL ITY  
TO PERFORM THE FINE CONTROL AND RELAXATION TASKS.
(1) DEVELOPMENTAL DIFFERENCES
i) Analysis o f to ta l scores.
ii)  Analysis o f day-by-day scores.
ii i)  A lte rna tive  methods o f analysis.
(2) INDIVIDUAL DIFFERENCES.
(3) ROOM TEMPERATURE AND LEVELS OF RESTING TONE
IN THE FRONTALIS MUSCLES
(4) SUMMARY
4.2 DEVELOPMENTAL AND INDIVIDUAL DIFFERENCES
It  was not possible to  state conclusively th a t the 
developmental d ifferences reported fo r the fine  contro l task were 
due to  the biofeedback tra in ing  per se because only the separate 
adult contro l group was pre and post-tested w ithou t biofeedback.
The in it ia l d iff ic u ltie s  encountered in running the fine  con tro l 
task w ithou t biofeedback, discussed ea rlie r in th is chapter when 
the scoring o f th is  task was evaluated, resulted in none o f the 
subjects in the four age groups (A-D) being tested w ithou t 
biofeedback. Only a separate adult group was then tested w ith ou t 
biofeedback a t the end o f day one and the end o f day four. This 
group were not s ign ifican tly  more accurate w ith  biofeedback than 
the adult experim ental group (see figu re  32.2 p. 261). However,
the adult con tro l group were s t i l l  unable to  carry  out the fine
contro l task successfully w ithou t biofeedback in the post-test 
period a t the end o f the four days o f tra in ing. Adults were be tte r 
than children a t the fine  con tro l task w ith  biofeedback and i t  was 
therefore  considered un like ly tha t any o f the subjects tested in
the main body o f the experim ent would have been able to  ca rry  out
the fine  contro l task w ithou t biofeedback. Consequently, the 
developmental d ifferences in the four age groups (A-D) to  be 
discussed in the next section were thought like ly  to  have resulted 
from  the biofeedback tra in ing  provided, although i t  would be 
necessary to  run separate contro l groups fo r each age category in
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order to  confirm  th is suggestion. U nfortunate ly lack o f tim e meant 
tha t th is was not possible.
4.2 (1) DEVELOPMENTAL DIFFERENCES.
(i) Analysis o f scores to ta lled  over four days o f tra in ing  fo r 
the fine  contro l and the re laxation task.
The experim ental hypothesis, th a t developmental 
d ifferences m ight exist in EMG biofeedback competence, was 
confirm ed by the analysis o f to ta l scores fo r  both tasks. Improved 
performance was seen w ith  an increase in age. S ig n if ic a n t1 
differences were reported between the 4.5-6.5 year olds and the 
6.6-8.5 year olds and between the adults and 8.6-10.7 year olds 
(illus tra ted  in figures 31.1 and 31.2). These results corresponded 
to  the pattern o f improvements in performance w ith  age described 
fo r k inaesthetic sens itiv ity  and kinaesthetic memory by Laszlo and 
Bairstow (1980). There was no evidence o f children being be tte r 
than adults, as had been considered te n ta tive ly  on the basis of 
the work o f Brooks e t al. (1978), Suter a t al. (1983) and Werder 
and Sargent (1984) reviewed in chapter 1.5. Laszlo and Bairstow
(1980) m onitored the a b ility  to  perceive sensory in fo rm ation  and 
the a b ility  to  organise and store th a t in fo rm ation  in e ight groups 
o f tw enty children from  the age o f fiv e  to tw elve years and a 
group o f tw enty adults (the work o f Laszlo and Bairstow (1980) was 
reviewed in chapter 1.5 pp. 149-151). Laszlo and Bairstow (1980) 
reported a s ign ifican t im provem ent in perform ance w ith  age fo r 
both tasks. Post-hoc tests (Scheffe's) indicated th a t the fiv e  and
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six year old subjects performed s ign ifican tly  worse a t the 
k inaesthetic sens itiv ity  task than the subjects o f seven years o f 
age and older. The same tests showed th a t the children aged five  
to  seven years peformed s ign ifican tly  worse on the kinaesthetic 
memory task than the e ight to  tw elve year olds who, in tu rn , were 
s ign ifican tly  worse than the adults. Laszlo and Bairstow (1980) 
concluded tha t the a b ility  to  d iscrim inate between in fo rm ation  
from  the tw o limbs (kinaesthetic acuity) approached adu lt levels 
by the age o f seven and was not dependent on the a b ility  to  
in tegra te  and remember k inaesthetic in fo rm ation  as tested by the 
pattern  orien ta tion task because the la tte r  ab ilities  continued to  
improve through to  adulthood. The developmental pa tte rn  reported 
by these authors and the pattern  reported in the present study are 
su ffic ie n tly  s im ila r tha t i t  would be in teresting to  tes t subjects 
on the fine  contro l and re laxation biofeedback tasks and the two 
tasks designed by Laszlo and Bairstow in order to  evaluate the 
suggestion tha t kinaesthetic sens itiv ity  and memory m ight be 
involved in biofeedback a b ility . Ph ilip  Bairstow planned to  tes t 
good and poor biofeedback subjects from  the present study on the 
kinaesthetic sens itiv ity  and memory tasks but un fortunate ly had to  
return to Austra lia  before he could do so.
ii)  Analysis o f day-by-day scores fo r the fine  contro l and 
re laxation tasks.
Day-by-day scores were analysed in addition to  the analysis 
o f to ta l scores because any d ifferences over tim e  in the the
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a b ility  o f the four age groups (A-D) to  use biofeeback tra in ing  
were o f also o f in terest. The results o f analysing day-by-day 
accuracy and steadiness scores in the fine  contro l task were in 
the same d irection  as the analysis o f to ta l scores. Adults were 
again s ign ifican tly  more accurate and steady than the oldest 
children (group C) and the youngest children (group A ) were 
s ign ifican tly  less steady than the 6.6-8 .5 year old children.
However, s ign ifican t differences were not found between the
4.5-6.5 year olds and the 6.6-8.5 year olds fo r accuracy 
(illus tra ted  in figures 31.3) and the s ign ifican t differences 
between the adults and oldest children were lost towards the end 
o f tra in ing. On the other hand, analysis o f the seven age groups 
(1-7) showed tha t the 4.5-7.5 year olds form ed a homogeneous 
sub-set which was s ign ifican tly  less accurate than the other 
subjects each day (figure 31.4). These findings could ind ica te  
tha t kinaesthetic memory was o f greater im portance than 
kinaesthetic sens itiv ity  fo r accuracy in the fine con tro l task 
because Laszlo and Bairstow (1980) proposed th a t only k inaesthetic 
memory continued to  improve through to  adulthood and the 
s ign ifican t d iffe rence they reported fo r memory was between th e ir 
seven and e ight year olds rather than between th e ir  six and seven 
year olds.
Figure 33.1 and the results o f the day-by-day comparisons 
summarised in appendix 1, show tha t the adults tended to make the 
greatest im provem ent between days one and two while the ch ildren
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continued to  improve on subsequent days. Therefore, the loss of 
s ign ifican t differences between adults and oldest children fo r 
accuracy and steadiness towards the end o f tra in ing  could have 
resulted from  the fa c t tha t the adults already possesed a w e ll 
developed m otor schema (Schmidt 1972) which enabled them to  select 
the appropriate responses and adjust parameter settings rap id ly .
The oldest children may have taken longer to  make such selections 
and adjustments and i t  is possible th a t they m ight have caught up 
w ith  the adult group i f  the tra in ing  period had been longer than 
four days.
A comparison o f day-by-day scores fo r the re laxa tion task 
indicated th a t the 6.6-8.5 year olds achieved s ign ifican tly  lower 
levels o f resting tone in th e ir fron ta lis  muscles w ith  and w ithou t 
biofeedback and were steadier w ith  biofeedback than the children 
aged 4.5-6.5 years on each o f the four days o f tra in ing . However, 
the adults were only occaisonally distinguished from  the oldest 
children when day-by-day scores were compared. These results could 
indicate tha t kinaesthetic sens itiv ity  was more im portan t than 
kinaesthetic memory fo r performance of the purely d irec tiona l 
re laxation task, although developmental d ifferences in 
kinaesthetic memory could not be com plete ly discounted in  th is  
task because a trend was seen fo r performance to  continue to  
improve past the age o f seven.
The comparison o f day-by-day scores in the six sub-age 
groups yielded a s ign ifican t d iffe rence on both tasks between the
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4.5-5.5 year olds and the 5.6-6 .5 year olds which did not f i t  the 
explanation of developmental d ifferences in biofeedback competence 
discussed so fa r. The youngest group were s ign ifican tly  less 
steady on both tasks than the older group who also gained 
s ign ifica n tly  lower mean in tegra ted EMG scores over the fou r days 
o f tra in ing. The reasons fo r the very young children being 
s ign ifican tly  d iffe re n t to  the rest o f the subjects are not 
im m ediate ly obvious on the basis o f previous studies although a 
number of speculative explanations w ill be explored.
I t  is possible tha t the youngest children were 
s ign ifican tly  less steady than the other children because they did 
not understand the requirements o f the task. They m ight have been 
unable to  recognise the relationship between changes in the number 
o f LED's illum inated and level o f tone in th e ir fron ta lis  muscles.
I t  was assumed, perhaps m istakenly, tha t because the children 
could explain what they were expected to  do during the p ractice  
session and apparently manipulated the lights on command by the 
second day, th a t they had some understanding o f the task. However, 
had lack o f understanding been the only problem, then the same age 
discontinu ities m ight have been expected fo r acccuracy on the fine  
contro l task. I t  is o f course also possible tha t the youngest 
children did not understand the instruction  to  hold the ligh ts  
steady but they understood what was meant by illu m ina ting  a set 
number o f ligh ts.
An a lte rna tive  explanation is th a t the youngest ch ild ren
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understood what was required o f them but were e ithe r unable to 
carry  out the request or were not m otivated to  do so. These 
children may have been unable to  carry out the task because th e ir 
k inaesthetic perceptual and memory ab ilities  had not reached a 
stage where the children could be expected to learn a complex task 
(Laszlo and Bairstow, 1980). On the other hand, i f  the biofeedback 
tasks were analagous to  a skilled m otor task, the children may 
not have possessed a re levant m otor schema and id e n tifica tio n  o f 
the co rrec t response could have presented a form idable problem as 
C lark (1982) suggested was like ly  to  be the case in young children 
faced w ith  tasks demanding new m otor skills. I t  is also possible 
tha t the contro l o f m otor output in these children was less good 
than th a t o f the older children. S ign ificant age e ffe c ts  found in 
the scores gained on the spatia l a b ility , m irro r drawing task when 
the trace was fo llowed w ithou t the m irro r each day (Pickard, 1984) 
indicated tha t developmental d ifferences exist in fine  contro l o f 
the hand. Such differences m ight also occur in fine  con tro l o f the 
fron ta lis  muscles, although th is  does not seem to  have been tested 
in other studies.
However, evidence o f learning was seen in the children 
aged 4.5-6.5 years, who became s ign ifican tly  steadier and more 
accurate between days 1 and 4 o f tra in ing  on both tasks w ith  
biofeedback (see p. 276). This could ind ica te tha t the ir 
k inaesthetic ab ilities  and m otor schemata were s u ffic ie n tly  
developed in the group fo r them to  s ta rt to  learn aspects o f the
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tasks. These youngest children therefo re  m ight have been given 
in su ffic ien t tim e  to  both lay down the bases o f the four 
parameters involved in m otor schema and to  re fine  the settings of 
these parameters (Schmidt, 1982 reviewed p. 10-11). I f  tra in ing  
had been longer the youngest children m ight have continued to 
increase th e ir scores. I t  is add itiona lly possible th a t they 
possessed a schema in th e ir behavioural reperto ire  concerned w ith  
aim ing a t a ta rg e t and therefore  they concentrated p rim a rily  on 
strategies concerned a t im proving th is sk ill.
F ina lly , th is youngest group o f children m ight have been 
less m otivated to  be steady w ith  biofeedback because i t  was more 
exc iting  fo r them to  see the LED ’s illum ina te  and extinguish. Only 
analysis o f steadiness scores w ithou t biofeedback would enable 
th is explanation to  be evaluated. Such a comparison was not 
possible fo r the fine contro l task because of the lack o f a 
contro l condition w ithou t biofeedback fo r th is age group. The 
evidence from  the re laxa tion task indicated th a t th is  explanation 
was plausible because the s ign ifican t d iffe rence seen between the
4.5-5.5 year olds and the 5.6-6.5 year olds fo r steadiness scores 
w ith  biofeedback was not found in the steadines scores w ithou t 
biofeedback. I t  therefo re  seems th a t poor m otiva tion  together w ith  
lack o f tim e to  develop a m otor schema may have been the main 
facto rs  which distinguished the 4.5-5.5 year olds from  the 5.6-6.5 
year olds.
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i ii)  A lternative methods of analysing developmental differences
on the fine  contro l and re laxation tasks.
Analysis of the degree o f change over tim e  was described 
in chapter 1.3 (p.79-81) as posing pa rticu la r problems when the 
groups to be compared were s ign ifican tly  d iffe re n t a t the s ta rt o f 
tra in ing  as was the case in the four age groups in th is  study. A 
simple comparison o f end o f tra in ing  or post-test scores suggested 
by Cronbach and Furby (1970) was there fo re  inappropria te. Tota l 
scores, recommended by Sage (1977), were used in an a tte m p t to  to 
take in to  account sta rting  levels and fin a l achievements. However, 
the data analysed and discussed in the previous section o f th is  
chapter was also subjected to  an analysis o f covariance by age 
which was recommended by Lord (1967) as a way o f adjusting scores 
to  compensate fo r in it ia l d ifferences. This analysis was used 
carried out, despite the critic ism s put forw ard by Cook and 
Campbell (1979) reviewed on p. 81, because i t  had been used in 
previous studies reviewed in chapter 1.3 which examined the 
e ffica cy  o f EMG biofeedback (H iebert and Fitzsimmons, 1981; 3ones 
and Evans, 1981; Holroyd e t al., 1982; Lacroix e t al., 1983;
Lustman and Sowa, 1983). A lthough these studies did not examine 
developmental differences, i t  was thought to  be o f in te res t to 
compare the results of the analysis o f covariance o f scores on the 
fou rth  day o f tra in ing  adjusted by the day one scores w ith  an 
analysis o f variance o f the d iffe rence between scores on the f ir s t  
and fou rth  days o f tra in ing  (gain scores) by age w ith  the
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developmental pattern indicated on the basis o f an analysis of 
variance o f to ta l scores fo r the fine  contro l and re laxation 
tasks.
The developmental d ifferences described previously fo r the 
fine  con tro l task were broadly confirm ed by the analysis o f 
covariance and analysis of variance of gain scores, although a 
trend was shown fo r the adults to  make smaller gains than the 
oldest children. Choice o f s ta tis tica l tes t was there fo re  not an 
im portan t aspect o f experim ental design fo r th is task. However, 
the developmental pattern  described fo r to ta l or day-by-day scores 
from  the re laxation task was not confirm ed when a lte rna tive  
methods o f analysis were used. Whether or not adults were 
considered to be be tte r than children a t th is task depended on 
which s ta tis tica l method was used to  analyse perform ance. For 
example, the analysis o f variance o f gain scores only yielded 
s ign ifican t age e ffec ts  w ith  biofeedback and the youngest children 
were seen to  make the greatest gains. I f  these findings were 
accepted, w ithou t reservations about regression towards the mean 
(Lord, 1967), then they would tend to  corroborate the findings o f 
Suter e t al. (1983) w ith  tem perature biofeedback. These authors 
reported a s ign ifican t age e ffe c t when they compared d ig it 
tem perature a t the beginning and end o f tra in ing  using a repeated 
measures analysis o f variance. Children were be tte r than th e ir  
parents a t warming one hand and cooling the other.
A d iffe re n t p ic ture  was seen as a result o f using analysis
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o f covariance to  analyse developmental d ifferences in the 
re laxation task. The s ign ifican t age e ffe c ts  fo r mean EMG scores 
w ith  biofeedback were lost when day 1 scores were used as 
covariates to  adjust the day 4 scores. The adult adjusted day 4 
scores were greater than th e ir unadjusted scores while the 
adjusted day four scores o f the children were lower than th e ir  
unadjusted scores. The levels o f significance were also reduced 
when mean EMG scores w ithou t biofeedback and steadiness scores 
w ith  and w ithou t biofeedback were compared in the fou r age groups 
using the same method o f analysis. The s ign ifican t d ifferences 
id en tified  previously between age groups over the four days o f 
tra in ing  could therefore  be construed as resulting m ainly from  the 
differences in day 1 performances. The con flic ting  results arising 
from  these d iffe re n t methods o f analysing the same data indicates 
tha t the choice o f s ta tis tica l tes t is very im portan t when 
examining developmental d ifferences in  the reduction o f resting 
tone in the fron ta lis  muscles using EMG biofeedback. The 
co n flic ting  results also mean tha t in te rp re ta tion  o f the 
developmental data fo r the re laxation task is problem atic. Reasons 
fo r the d ifferences in  developmental pattern  seen on the tw o  tasks 
(of an im provem ent in performance w ith  an increase in age in  the 
fine  con tro l task whatever the method o f analysis used, but o f 
younger subjects making greater gains than adults on the 
re laxa tion task) are also not im m ediate ly obvious. However, tw o 
speculative explanations w ill be explored.
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F irs tly , a comparison o f levels o f resting tone in the 
fron ta lis  muscles which the youngest children (group A) a tta ined 
during the re laxation periods w ith  or w ithou t biofeedback w ith  the 
levels they a tta ined in the stabilisa tion period p rio r to  
commencement o f the fine  con tro l task (illus tra ted  in figu re  32.6) 
could ind ica te tha t th e ir levels o f resting tone w ith  biofeedback 
were raised above resting levels. This could have resulted from  
the previously described enjoyment the children gained from  
illum ina ting  and extinguishing the LED'S. The reduction in 
resting tone which the children achieved in the re laxation task 
could have partly  been caused by th e ir desisting from  a lte rna te ly  
contracting  and relaxing the ir fro n ta lis  muscles as the nove lty  o f 
the biofeedback diminished and they settled down to  a tte m p t the 
fine  contro l and re laxation tasks. The resulting drop in level o f 
tone could have been the m ajor reason fo r the greater gains made 
by the youngest children in the re laxation task. I t  also seems 
unlike ly th a t the in it ia l high levels o f resting tone which 
reduced over the four days o f tra in ing  as a result o f se ttling  
down would have had a marked e ffe c t on th e ir fine  con tro l task 
scores. A second explanation fo r the greater gains made by 
children compared to  adults on the re laxation task but not on the 
fine contro l task concerns the degree to  which the adults and 
children possessed m otor schemata re levant to the fine  con tro l and 
re laxation tasks a t the s ta rt o f tra in ing . Adults m ight have had a 
w e ll developed m otor schema concerned w ith  som atic re laxa tion
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which enabled them to  a tta in  low levels o f resting tone in th e ir 
fron ta lis  muscles on the f ir s t  day unlike the younger children.
The adults there fo re  m ight have made sm aller gains than the 
children. However, the adults m ight have had a less w e ll developed 
schema concerned w ith  precision contro l o f the fron ta lis  muscle 
which resulted in a re la tive ly  poor performance a t the fine  
contro l task on the f ir s t  day o f tra in ing  and in greater gains 
over the four days than they made on the re laxation task.
Additiona l evidence from  the present study also indicates 
tha t adults were able to  use biofeedback tra in ing  to  reduce 
resting tone in th e ir fron ta lis  muscles more successfully than 
children. The oldest children and adults achieved s ign ifican tly  
more days in which th e ir fron ta lis  EMG levels were s ign ifican tly  
lower w ith  biofeedback than w ithou t biofeedback than the youngest 
children, despite the fa c t tha t th e ir day one scores were lower 
than the day one scores o f the youngest children (illus tra ted  in 
figures 31.18 and 31.19). These results do not corroborate the 
premise tha t children were be tte r than adults a t the re laxa tion 
task. The developmental pattern on th is task is there fo re  fa r  from  
clear.
4.2 (2) INDIVIDUAL DIFFERENCES IN PERFORMANCE ON THE 
FINE CONTROL AND RELAXATION TASKS.
The degree o f individual varia tion  w ith in  the seven age 
groups (1-7) also broadly m irrored the pattern  described by Laszlo 
and Bairstow (1980) fo r k inaesthetic perceptual and memory
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ab ilities . However, there was less overlap between adults and 
younger children in the fine  contro l task in th is study. A lthough 
the best f ive  year old scores fo r accuracy were w e ll w ith in  the 
adult range they did not approach the 'best' adu lt scores. The 
f ive  year old steadiness scores also only overlapped w ith  the 
equivalent scores o f one very poor adult. An exam ination o f the 
relationship between age in months and accuracy and steadiness 
scores from  the fine  contro l task and mean in tegrated EMG and 
steadiness scores from  the re laxation task only yielded a 
s ign ifican t negative corre la tion in the children aged 4.5-6..5 
years. Therefore the high level o f individual va ria tion  reported 
fo r a ll variables did not seem to  be re lated to  developmental 
stage w ith in  age groups.
However, despite the overlap between the a b ilitie s  o f a 
few o f the youngest children and adults, the m a jo rity  o f the 
youngest children showed qua lita tive  differences in the way they 
they approached both tasks from  the older children and adults. 
Those who found the tasks most d if f ic u lt  were consistently harder 
to  m otiva te  in to  continuing to a ttem p t the tasks. The 's tic k e r ', 
chosen on the f ir s t  day and taken home on the last day, was an 
im portan t incentive fo r these children. Once some degree o f 
contro l was gained th is incentive  became much less im portan t. Any 
m otiva tiona l problem was like ly  to  be greater in the biofeedback 
condition in which children received im m ediate in fo rm ation  about 
lack o f success. (Low levels o f m otiva tion  in the younger ch ildren
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were discussed earlie r in  th is chapter when the design o f the 
experiments was evaluated (p. 330-332).
lh.2 (3) ROOM TEMPERATURE AND LEVELS OF RESTING TONE 
IN THE FRONTALIS MUSCLES.
There is some evidence th a t muscle tem perature may a ffe c t 
the surface EMG p ro file  although the precise re lationship is 
unclear (Petrofsky and Lind, 1980). In th is study higher room 
temperatures were reported as being re la ted to  lower levels o f 
fron ta lis  resting tone only in the group o f 4.5-6.5 year old 
children. The like lihood o f a d irec t, physiological causal e ffe c t 
fo r th is re lationship w ill therefore  be dismissed because i t  is 
d i f f ic u lt  to  explain why only the youngest children were a ffec ted .
On the other hand, the increase in room tem perature took place 
between September o f one year and July o f the fo llow ing  year 
during which tim e the main body o f data was co llected. Therefore 
the supposed tem perature e ffe c ts  could also have resulted from  
m aturational changes which took place over the period o f the 
study. The youngest children were like ly  to  be more confident in 
the summer te rm  a fte r a year a t school, than a t the end o f 
September when they had only been a t school fo r a month. I t  is 
also possible tha t subtle improvements in relationships w ith  the 
children m ight have happened outside the tes t sessions when the 
children were collected from  and returned to  school. The 
experim enter may have become be tte r known to the ch ildren or more 
experienced a t dealing w ith  them as the study progressed, despite
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every a tte m p t to  be consistent. I f  th is  was the case, i t  is 
conceivable th a t such an im provem ent in relationships would have 
more e ffe c t on the younger children because i t  was speculated 
previously th a t these subjects m ight have been poorly m otivated.
I t  is add itiona lly  possible tha t children in the reception class, 
who were tested in the f ir s t  tw o or three months o f the study, 
discussed the ir experiences w ith  th e ir classmates and also 
described the ir achievements. The subjects tested la te r in  the 
year m ight consequently have had fu rth e r reasons fo r fee ling  more 
confident and more highly m otivated than those tested ea rlie r. 
Therefore, i t  is like ly  th a t the apparent tem perature e ffe c ts  were 
ra ther e ffec ts  o f the point o f tim e  in the school year a t which 
subjects were tested than d irec t e ffe c ts  o f room tem perature. I t  
is also possible tha t the s ign ifican t corre la tion between age in
months and mean in tegrated EMG scores in the youngest ch ildren was
/
a function  o f the e ffe c t o f the point in  the school year th a t 
testing was carried out. A ll children in the reception class were 
tested over a period o f nine months and the oldest subjects in 
th is  group were therefore  like ly  to be tested towards the end o f 
the nine months.
4.2 (4) SUMMARY OF DEVELOPMENTAL AND INDIVIDUAL 
DIFFERENCES.
The experim ental hypothesis derived from  the early 
m u ltip le  case studies o f Simard (1969) and Fruhling e t al. (1969), 
tha t developmental d ifferences m ight exist in the a b ility  to  use
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EMG biofeedback to  increase precision contro l in the fron ta lis  
muscles, was supported by the results o f the present study. The 
pattern  described was o f an im provem ent in performance on the fine  
contro l task w ith  an increase in age which was s im ila r to  the 
developmental pattern  described by Laszlo and Bairstow (1980) fo r 
k inaesthetic sens itiv ity  and memory. No evidence was found to  
suggest th a t children were be tte r than adults a t using biofeedback 
as was suggested by Suter e t.a l.  (1983) and Werder and Sargent 
(1984) in th e ir studies o f biofeedback aided reduction in skin 
tem perature o f d igits. The lack o f separate contro l groups or a 
contro l condition fo r each group o f children in the present study 
meant th a t the developmental pattern  described could not 
conclusively be a ttribu ted  to  developmental changes in the a b ility  
to  use the biofeedback in fo rm ation . However, the fa c t th a t the 
adult contro l group were unable to  carry  out the task w ithou t 
biofeedback was taken to  ind icate tha t biofeedback in fo rm a tion  was 
v ita l fo r performance of the task in th is  age group. Therefore, 
biofeedback in fo rm ation  was also like ly  to be essential fo r 
performance of the task in the groups o f children.
The youngest children aged 4.5-5.5 years old may not have 
understood what was required o f them on e ither task; they may have 
been poorly m otivated; they may have had in su ffic ie n t tim e  in fou r 
days o f very b rie f tra in ing  to  develop steadiness strategies or 
th e ir fine  m otor contro l m ight have been in su ffic ie n tly  developed 
fo r these subjects to  meet the ta rge t requirements. Further
335
testing which incorporated an acclim atisation period and a longer 
period o f tra in ing  m ight help to  id e n tify  which o f these facto rs 
was most im portan t.
In the case o f the re laxation task whether or not 
developmental d ifferences were found and whether or not 
performance was considered to  improve w ith  age depended on the 
method o f analysis used. Comparisons o f to ta l and day-by-day 
scores w ith  and w ithou t biofeedback indicated an im provem ent in 
performance w ith  an increase in age th a t could also have resulted 
from  developmental d ifferences in kinaesthetic sens itiv ity  and 
memory described by Laszlo and Bairstow (1980). The pa tte rn  was 
s im ila r to  tha t reported fo r the fine  contro l task, although 
kinaesthetic memory may play a less im portan t ro le in a purely 
d irectiona l task such as the re laxation task than in  the specific , 
fine  contro l task. However, th is developmental pa tte rn  in mean EMG 
scores w ith  biofeedback was lost when d ifferences in  day one 
scores were used to adjust the day four scores and the youngest 
children were shown to  make the greatest gains as had been 
described by Suter e t al. (1983) fo r skin tem perature biofeedback.
I t  was therefore  not possible to draw f irm  conclusions about 
developmental patterns on th is task. In te rp re ta tion  o f the results 
m ight have been hampered by the possible e ffe c ts  o f regression 
towards the mean. I t  was not possible to  fo llow  the suggestion 
made by Cronbach and Furby (1970) to  compare post-test or end o f 
tra in ing  scores because the s ign ifican t d ifferences between the
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age cohorts on the f ir s t  day were like ly  to result from  genuine 
age e ffe c ts  ra ther than from  any lack o f random sample selection. 
I t  is therefo re  d if f ic u lt  to  see how th is problem of 
in te rp re ta tion  could be resolved.
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Chapter 4.3 
EFFECTIVENESS OF EMG BIOFEEDBACK
(1) THE FINE CONTROL TASK.
(2) THE RELAXATION TASK.
(3) DIFFERENCES IN THE ABILITY OF SUBJECTS TO PERFORM
THE TWO TASKS WITHOUT BIOFEEDBACK.
(4) SUMMARY
4.3 EFFECTIVENESS OF EMG BIOFEEDBACK
The effectiveness o f EMG biofeedback was considered in two 
ways. F irs tly , performance w ith  biofeedback and an a tte n tion  
placebo contro l condition was compared. Secondly, the degree to  
which skills learned w ith  biofeedback m ight be transferred to  the 
contro l condition was examined, although transfer was thought to  
be unlike ly to  occur in such a short period o f tra in ing. (The 
a tten tion  placebo contro l condition was evaluated ea rlie r in  th is  
chapter (section 4.1) when the experim ental design o f the 
biofeedback tasks was discussed).
4.3(1) FINE CONTROL TASK
I t  was not possible to  conclude w ith  any ce rta in ty  th a t 
the EMG biofeedback provided was specifica lly  e ffe c tiv e  in  the age 
groups (A-C) in the fine  contro l task because a con tro l cond ition 
w ithout biofeedback was not included. The reasons fo r th is  were 
discussed previously (p. 317). However, comparisons o f the 
performance o f the separate adu lt group w ith  and w ithou t 
biofeedback showed tha t they were unable to  carry  out the fine  
contro l task when they watched the demonstration lig h t bar and 
attem pted the fine  contro l task w ithou t biofeedback (illus tra ted  
in figu re  32.1a,b). The demonstration lig h t bar cued the tim in g  o f 
the fine  contro l task w ithou t biofeedback and add itiona lly 
provided subjects w ith  a focus o f a tten tion . In the con tro l 
condition subjects only had to  observe one lig h t bar and the re fo re  
they did not receive identica l visual s tim ula tion to  th a t received
358
in the experim ental condition. Subjects m ight also have been less 
m otivated in the contro l condition than the experim ental 
condition, despite the fa c t tha t instructions were designed to 
m inim ise any m otiva tiona l differences. However, subjects were 
eager to  see th e ir results a t the end o f the p re -tes t and 
post-test sessions and therefore  they did not seem to  lack 
m otiva tion . I t  also seems unlike ly th a t low m otiva tion , a less 
complex task or a lower level o f visual s tim u la tion  would have 
resulted in the in a b ility  o f the m a jo rity  o f subjects to  ca rry  out 
th is task w ithou t biofeedback. Therefore, the experim enta l 
hypothesis was accepted fo r the adu lt subjects, despite the above 
c ritic ism s of the contro l condition. The absolute, visual analogue 
biofeedback was thought to be spec ifica lly  e ffe c tiv e  in increasing 
precision o f contractions in the fro n ta lis  muscles. I t  is not 
possible to  compare these results to  the findings reported in 
previous fron ta lis  EMG biofeedback studies because such a task has 
not been used before.
The marked lack of contro l o f d irectiona l, graded 
responses w ithou t biofeedback could be explained in a number o f 
a lte rna tive  ways. F irs tly , the task m ight have been equivalent to 
a tracking task in which the biofeedback indicated the ta rg e t or 
goal and therefore  a ffected  the asym ptotic level o f perform ance 
rather than aiding learning, as suggested by Johnston and Lethem
(1981). I f  th is was the case, then the in a b ility  o f contro l 
subjects to  carry  out the task w ithou t biofeedback was not
359
surprising because removal o f the biofeedback in fo rm ation  in the 
fine con tro l task was equivalent to  removing in fo rm ation  about how 
near to  the ta rg e t a subject was in a tracking task. The seventy 
percent de terio ra tion  in performance when biofeedback was removed 
in the contro l group was less than the greater than ninety percent 
drop reported by Johnston and Lethem (1983) fo r th e ir specific  
cardio-vascular biofeedback task. However, the reduction in 
performance when biofeedback was removed in the fine  con tro l task 
was considerably higher than the reduction o f fourteen percent 
reported by Johnston and Lethem (1983) fo r th e ir purely 
d irectiona l task (reviewed on p. 139). (The percentage 
deterio ra tion  o f performance in the adu lt experim ental group 
w ithou t biofeedback on the re laxation task in the present study o f 
sixteen percent on day three and four percent on day fou r was much 
closer to  the drop reported by Johnston and Lethem (1983) fo r 
th e ir purely d irectiona l task). I t  would therefore  seem tha t, even 
i f  the ro le o f the EMG biofeedback in the fine con tro l task was 
not simply to  guide performance, the results from  the task are in 
the same d irection  as the findings o f Johnston and Lethem  (1981, 
1983) w ith  cardiovascular biofeedback.
A second explanation fo r the lack o f con tro l w ithou t 
biofeedback could centre around the in a b ility  o f subjects to  
d iscrim inate the required ta rg e t levels w ithou t biofeedback. This 
could have resulted from  in su fficen t tim e fo r such d iscrim ination  
to develop in the four very b rie f tra in ing  periods. A lte rn a tive ly ,
the proprioceptive feedback from  the fron ta lis  muscles m ight have 
been in su ffic ie n t to  a llow  d iscrim ination between the three ta rge t 
levels o f approxim ately 15, 20 and 25 m icrovo lts w ithou t 
biofeedback. Stilson e t al. (1980) and Pollard and K a tk in  (1984) 
were described in chapter 1.4 (pp. 128-132) as u tilis ing  active  
tasks to  assess how w e ll subjects could d iscrim inate levels o f 
tone in the fron ta lis  and laryngeal muscles respectively. They 
separately conjectured th a t poor performance on these tasks 
resulted from  poor proprioceptive feedback although ne ither group 
o f authors provided any evidence to  support th e ir speculations.
Evidence about the innervation and number o f muscle 
spindles in the fron ta lis  muscles was provided by Rinn (1984) who 
proposed tha t vo luntary con tro l o f fron ta lis  muscles (and other 
upper fac ia l muscles) m ight be poor, both because such con tro l 
m ight occur v ia  a separate pathway to  the pathway involved in 
involuntary contro l and because muscle spindles are e ithe r scarce 
or absent. Rinn (1984) speculated th a t the lack or scarc ity  o f 
muscle spindles in the fron ta lis  muscles could re la te  to  the fa c t 
th a t these muscles a ttach only to  the fa c ia l skin or the fascia (a 
sub-cutaneous sheet o f fibrous tissue) and are there fo re  not 
load-bearing. However, a dearth o f muscle spindles in  the 
fron ta lis  muscles does not provide conclusive evidence th a t poor 
proprioceptive feedback was the main reason fo r the low leve l o f 
performance on the fine  con tro l task w ithou t biofeedback in the 
present study. Sensory feedback about contraction o f the fro n ta lis
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muscles, conducted to  the centra l nervous system via the 
ophthalm ic branch o f the trigem ina l nerve, could also be derived 
from  cutaneous mechanoreceptors which would be stim ula ted as the 
forehead skin moves during fron ta lis  muscle contraction . (Rinn 
(1984) also pointed out tha t the proprioceptive ro le  o f muscle 
spindles has not been established conclusively.)
An a lte rna tive  explanation fo r  poor performance could 
centre around the m otor innervation o f the fron ta lis  muscles. Rinn 
(1984) described the fron ta lis  muscles as arising em bryonically 
from  the muscles o f the second branchial arch and as being 
innervated by the tem poral branch o f the fac ia l nerve 'in  which 
autonomic connections remain in ta c t in humans' (p.57). Apparently 
upper fac ia l muscles, including the fron ta lis  muscles m ainly 
receive b ila te ra l impulses o f sub-cortica l orig in whereas low er 
fac ia l muscles recieve only contra la te ra l impulses o r ig in a tin g  
from  the co rtica l m otor s trip  (Rinn, 1984). Rinn described the 
form er pattern o f innervation as a llow ing less good con tro l o f 
voluntary fine  contractions than the la tte r . He fu rth e r described 
the role o f the fron ta lis  muscles in non-verbal com m unication as 
tw o-fo ld . C ontraction o f the fron ta lis  muscles and the consequent 
raising o f the eyebrows may provide punctuation amd emphasis 
during speaking. Tone in these muscles may also increase during 
a tte n tive  listening and Rinn (1984) suggested th a t the la tte r  
m ight be a vestige o f ear-perking which occurs in  other prim ates 
when a stimulus triggers the orien ta ting  response. The fa c t th a t
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the fron ta lis  muscles in gorillas and chimpanzees were described 
by Huber (1931) as continuous w ith  the auricu lar muscles which 
move the ears provides some support fo r th is contention. 
C ontraction o f the fro n ta lis  muscles while speaking or during 
a tte n tive  lis ten ing were described by Rinn (1984) as 
sub-cortica lly  mediated responses which do not have to  be learned, 
although inh ib ition  o f the responses according to  the display 
rules o f the cu ltu re  may be c o rtica lly  mediated. Rinn e t al.
(1982) also reported th a t instructions to  m anipulate the eyebrows 
resulted in subjects producing coarse je rky movements which were 
sometimes in the wrong d irection  and which only crudely 
approximated to  the subtle rapid movements produced invo lun ta rily . 
Rinn (1984) there fo re  proposed th a t voluntary contractions o f 
muscles such as the fron ta lis  muscles may be mediated v ia  
contra la te ra l, pyram idal pathways while contractions o f these 
muscles during expression o f a ffe c t (including punctuation, 
prosody and a tten tion ) may be mediated via  b ila te ra l, 
extrapyram idal pathways (although cells o f the fro n ta l and 
p re -fron ta l cortex may be included in th is system). He c ited  
results o f studying individuals w ith  e ither co rtica l or basal 
ganglion lesions as evidence fo r  th is proposal. In the fo rm er, 
when hemiparalysis o f the face occurs, sym m etrica l em otional 
expressions are retained. Conversely, in the la tte r  case the 
a b ility  to  make expressions as a result o f verbal command is 
present but spontaneous em otional movements are lost.
363
The poor con tro l o f precise contractions o f the fron ta lis  
muscles in the fine  contro l task in the absence o f biofeedback in 
the present study is not surprising i f  the proposals o f Rinn 
(1984) described above are correct. C learly a repe tition  o f the 
present study w ith  a longer period o f tra in ing  would a llow  the 
im portance o f the very b rie f tra in ing  periods to  be assessed. I t  
would seem to  be more d if f ic u lt  to evaluate experim enta lly the 
re la tive  e ffec ts  o f a lack o f muscle spindles and poor 
con tra la te ra l innervation on the a b ility  o f subjects to  carry out 
the fine  contro l task w ithou t biofeedback. I t  would there fo re  also 
be d if f ic u lt  to determ ine i f  the fa ilu re  on th is task w ithou t 
biofeedback resulted from  an in a b ility  to  d iscrim inate the 
required ta rge t levels w ithou t biofeedback or because a ttem pts 
were made gain fine  vo luntary contro l of a muscle th a t was usually 
only contro lled in th is way invo lun ta rily .
However, although the adu lt contro l subjects were 
described as fa ilin g  to  carry out the fine  contro l task as a 
group, i t  should be noted th a t four out of seventeen contro l 
subjects were able to  achieve percentages o f tim e  on ta rg e t 
greater than 42 percent (the lower leve l cu t o f f  by the standard 
e rro r o f estim ate fo r the adult group) when tested a t the end o f 
the fourth  day w ithou t biofeedback (the raw data is presented in 
appendix 1). Therefore the fine  con tro l task was not impossible 
w ithou t biofeedback, although the re la tive ly  high scores o f these 
four subjects could conceivably have been due to chance. The
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la tte r  explanation seems un like ly because the scores fo r two of 
these subjects on the f ir s t  day w ithou t biofeedback were also 
w ith in  the adu lt range w ith  biofeedback. These subjects m ight 
therefo re  have had be tte r proprioceptive feedback than others or a 
d iffe re n t pattern  o f innervation. Some s light evidence to  support 
th is speculation comes from  the report tha t the organisation o f 
the peripheral portions of the fa c ia l nerve show considerable 
va r ia b ility  between individuals (Rinn, 1984). A lte rna tive ly , they 
m ight have possessed a w e ll developed m otor schema a t the s ta rt o f 
tra in ing  which enabled them to  a tte m p t the task successfully 
w ithou t biofeedback in the very short period o f tra in ing . I f  the 
la tte r  explanation was co rrec t then a longer period o f tra in ing  
should enable a higher proportion o f subjects to  gain such scores.
Lastly, i t  is also possible th a t the s ligh t varia tion  in 
s ta rting  levels from  day to  day discussed on p. 312 could have 
confused some subjects when they attem pted the task w ithou t 
biofeedback. However, th is e ffe c t was described previously as 
like ly  to  be m inim al in adu lt subjects (p. 313).
4.3 (2) RELAXATION TASK.
Subjects did not experience the same d if f ic u lty  in 
carrying out the re laxation task w ithou t biofeedback. However, EMG 
biofeedback has s t il l not been shown unequivocally to  be e ffe c tiv e  
in reducing resting tone in the fron ta lis  muscles in th is  study, 
despite the fa c t tha t EMG biofeedback was shown to  be more 
e ffe c tiv e  than the a tten tion  placebo con tro l condition in reducing
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levels o f resting tone in the children aged 6.6-10.7 years old and 
the adults (but not in the youngest group aged 4.5-6.5 years). 
S ign ifican tly  lower levels o f resting tone in the fro n ta lis  
muscles were achieved w ith  biofeedback than w ithou t, on the last 
two days o f tra in ing  in the 6.6-8.5 year olds, on three out o f the 
four days o f tra in ing  in the 8.6-10.7 year olds and the th ird  day 
o f tra in ing  in the adult group (these results are illu s tra te d  in 
Figure 32.3). However, the form  of a tten tion  placebo con tro l 
condition used in th is  study has already been discussed and
considered unlike ly to  have been as m otiva ting  as the experim enta l 
condition fo r adults (group D) while probing was not ruled out fo r 
the children (groups A-C).
The children aged 6.6-8.5 years (group B) were 
s ign ifican tly  steadier w ith  biofeedback than w ithou t on the same 
last two days o f tra in ing  in which they also achieved lower EMG 
levels w ith  biofeedback than w ithou t. The older ch ildren aged
8.6-10.7 years were s ign ifican tly  steadier w ith  biofeedback than 
w ithou t on the last day o f tra in ing  (illus tra ted  in Figure 32.4).
The s ign ifican t differences between mean EMG scores w ith  and 
w ithou t biofeedback in these groups could have been caused by the 
adoption o f a probing strategy w ithou t biofeedback (indicated by 
high steadiness scores) which resulted in increases in mean EMG 
levels above resting levels in the contro l condition. I f  th is  was 
the case then the s ign ifican t d ifferences between mean EMG levels 
achieved w ith  and w ithou t biofeedback do not provide a basis fo r
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concluding that EMG biofeedback is specifically e ffective .
However, an a lte rna tive  explanation o f the s ign ifican t d ifferences 
in steadiness levels w ith  and w ithou t biofeedback is possible. For 
example, they could have resulted d irec tly  from  the fa c t th a t 
subjects in th is age group had l i t t le  concept o f what was required 
o f them in it ia lly  and consequently th e ir mean EMG levels in  both 
experim ental and contro l conditions m ight have been higher than i f  
they had simply been asked to  s it qu ie tly . The EMG biofeedback 
tra in ing  genuinely m ight have helped these subjects to  become 
steadier and increased steadiness m ight have resulted in reduced 
mean EMG levels.
Some evidence th a t scores were elevated in both 
experim ental and contro l conditions in the 6.6-10.7 year olds was 
obtained by examining the ir mean EMG levels atta ined during the 
stabilisa tion period each day prio r to  the s ta rt o f the fine  
contro l task. These levels were compared w ith  the mean levels 
atta ined while try ing  to  reduce levels o f resting tone in the 
fron ta lis  muscles in both experim enta l and contro l conditions 
(illus tra ted  in figu re  32.6). During the stab ilisa tion period 
subjects were asked to s it qu ie tly  and to  try  to  keep f i f t y  
percent o f the LED's illum inated. The 6.6-8.5 year olds gained 
s ign ifican tly  lower EMG levels during the day 1 s tab ilisa tion 
period than they gained when a ttem pting  to  relax w ith  or w ithou t 
biofeedback on the same day. On subsequent days the s ig n ifica n t 
d ifferences between stabilisa tion scores and contro l scores were
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lost but the trend o f subjects achieving lower scores in  the 
stabilisa tion period than the contro l period was m aintained. The 
mean EMG levels a tta ined w ith  biofeedback were never s ign ifica n tly  
lower than, and were very s im ila r to , the level a tta ined during 
the stab ilisa tion period. These results could indicate th a t levels 
o f resting tone in the fron ta lis  muscles in th is age group were 
a r t if ic ia l ly  elevated as a consequence o f probing strategies or 
in su ffic ien t m otiva tion  to  a ttem pt to  m aintain a steady leve l o f 
resting tone.
The results could also indicate tha t the children may have 
needed a longer tim e to  se ttle  down than they were given in the 
four b rie f tra in ing  sessions. They may also have needed longer to  
select the appropriate response from  a range o f in co rrec t 
strategies. I t  is also possible tha t the stab ilisa tion period 
produced lower levels o f resting tone than the experim enta l and 
contro l re laxation periods because i t  only lasted fo r one m inute 
and children may not have had su ffic ie n t tim e to  get bored. The 
presence o f a ta rge t which was aimed fo r and was easily a tta ined 
in the stabilisa tion period m ight also have been more m otiva ting  
than being instructed to put out a ll the lights as was the case 
during the re laxation task. The mean EMG levels were also recorded 
only in the last tw enty seconds o f the stab ilisa tion period w h ile  
a mean score over two minutes was calculated in the re laxa tion  
task. Whichever explanation is co rrect, i t  is c learly  not possible 
to  conclude tha t EMG biofeedback in fo rm ation  was spec ifica lly
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e ffe c tiv e  in th is age group and fu rth e r testing over a longer 
tra in ing  period w ith  a task th a t provided an easily a tta inab le  
ta rge t would be needed in order to  id en tify  why the children 
a tta ined lower mean EMG levels during the s tab ilisa tion period 
than during the biofeedback tra in ing .
A comparison o f the stabilisa tion levels o f fro n ta lis  
resting tone w ith  the levels a tta ined in the experim ental and 
contro l conditions in the 8.6-10.7 year olds produced a d iffe re n t 
pattern . During the f ir s t  two days o f tra in ing  the levels o f 
resting tone during the stab ilisa tion period were not 
s ign ifican tly  d iffe re n t from  the levels o f resting tone achieved 
w ith  biofeedback although a trend was seen fo r both these levels 
to  be lower than the levels o f resting tone achieved while try in g  
to  relax w ithou t biofeedback. These children m ight there fo re  have 
used the biofeedback in fo rm ation  in the f ir s t  tw o days to  se ttle  
down and e lim ina te  inco rrec t responses while they just sat qu ie tly  
during the stabilisa tion period. The d iffe rence between the 
stabilisa tion level and the level o f tone atta ined w ithou t 
biofeedback could have resulted from  probing or any o f the other 
facto rs lis ted in the previous paragraph. However, on the th ird  
and fou rth  days the level o f resting tone w ith  and w ithou t 
biofeedback continued to  drop while the stab ilisa tion level 
remained steady. Therefore on the th ird  and fou rth  day the 
stabilisation level was not s ign ifican tly  d iffe re n t from  the leve l 
w ithou t biofeedback but showed a trend towards being s ig n ifica n tly
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higher than the level w ith  biofeedback. I t  is therefo re  possible 
th a t the children started to  use the biofeedback in fo rm ation  
specifica lly  to  reduce levels o f resting tone below th a t which 
they achieved when s ittin g  qu ie tly  and aim ing steadily a t a ta rg e t 
or when try ing  to  re lax in the a tten tion  placebo con tro l 
condition. It  is therefo re  possible th a t EMG biofeedback was 
spec ifica lly  e ffe c tive  in th is older group o f children, although 
probing strategies in the contro l condition cannot be e lim ina ted 
as an a lte rna tive  explanation o f the results. The lack o f previous 
investigations in to  the e ffica cy  o f EMG biofeedback fo r reducing 
resting tone in the fron ta lis  muscles w ith  children means th a t i t  
is not possible to  make d irec t comparisons between these findings 
and the results of other studies.
The results o f the adult group are d if f ic u lt  to  in te rp re t 
fo r a d iffe re n t reason. The contro l condition did not appear to  
result in a probing strategy in th is group as is clear from  the 
fa c t tha t no differences between steadiness scores w ith  and 
w ithou t biofeedback were reported. However, lower levels o f 
m otivation in the contro l condition than the experim ental 
condition cannot be dismissed. The findings also cannot be 
accepted unreservedly as ind ica ting tha t EMG biofeedback was 
specifica lly  e ffe c tive  because the results o f between-group and 
w ith in-group comparisons were contrad icto ry.
W ithin-group comparisons o f the levels o f resting tone 
tha t the experim ental adult group achieved w ith  and w ithou t
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biofeedback could be in terpre ted as ind icating th a t EMG 
biofeedback was e ffe c tive  in lowering levels o f fro n ta lis  resting 
tone during tra in ing. The adults m ight already have possessed a 
m otor schema tha t allowed them to  re lax th e ir forehead and so 
achieve low levels o f resting tone in th e ir fron ta lis  muscles 
w ithou t biofeedback on the f ir s t  day, hence the mean in tegrated 
EMG scores w ith  and w ithou t biofeedback were not s ig n ifica n tly  
d iffe ren t. However, by the th ird  day o f tra in ing  EMG biofeedback 
could have enabled th is group to reduce resting tone fu rth e r than 
they were able to  in the contro l condition because they achieved 
s ign ifican tly  lower levels o f resting tone w ith  biofeedback than 
w ithou t tha t day. The s ign ifican t s h ift in frequency o f subjects 
having no s ign ifican t d iffe rence between scores w ith  and w ithou t 
biofeedback on day one to  a s ign ifican t d iffe rence on day three or 
four also indicates tha t EMG biofeedback was e ffe c tiv e  in reducing 
resting tone on the th ird  or fou rth  days o f tra in ing . This 
conclusion is fu rth e r supported by the fa c t tha t an equivalent 
s ign ifican t sh ift was not found in the adult con tro l group.
Skills learned w ith  biofeedback could have transferred to  
the contro l condition on the fou rth  day o f tra in ing  resulting in 
the lack o f s ign ifican t d iffe rence between mean EMG scores w ith  
and w ithou t biofeedback on tha t day. The results indicated a trend 
towards a drop in scores w ithou t biofeedback on the last day. This 
in te rp re ta tion  is also supported by the fa c t tha t on the th ird  day 
67% o f subjects were s ign ifican tly  be tte r w ith  biofeedback than
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w ithou t and tha t on the fou rth  day the figu re  was reduced to  56% 
as a result o f the drop in  scores w ithou t biofeedback. The fa c t 
tha t a trend was also seen fo r the level o f resting tone during 
the stabilisa tion period on the fou rth  day to be higher than 
e ithe r the level w ith  or w ithou t biofeedback adds add itional 
support to  th is in te rp re ta tion , as does the lack o f s ign ifican t 
d ifferences between mean EMG scores o f the adu lt con tro l group in 
the two re laxation periods over the four days o f tra in ing .
However, no s ign ifican t differences were found between levels o f 
resting tone in the adult experim ental and contro l groups, and 
such differences would also be expected i f  the biofeedback 
tra in ing  was e ffe c tive . Therefore, EMG biofeedback tra in ing  cannot 
conclusively be described as being more e ffe c tiv e  than the con tro l 
condition or as specifica lly  e ffe c tive  in the adu lt group, despite 
the fa c t tha t the repeated measures comparisons provided 
su ffic ien t evidence to  w arran t fu rth e r investigation.
One reason given by Carlson (1983) fo r EMG biofeedback not 
being e ffe c tive  in aiding reduction in resting tone in the 
fron ta lis  muscles was tha t mean EMG a c tiv ity  levels m igh t be so 
low tha t a floo r e ffe c t prevented fu rthe r reductions. I t  seems 
doubtfu l tha t most subjects in the present study were being 
hampered in reducing EMG levels by a flo o r e ffe c t because the 
lowest score in the adult experim ental group was achieved by one 
adult male, who atta ined a mean EMG level o f 0.9 m ic rovo lts  (+ /- 
0.1) on the f i f th  day w ith  biofeedback. This leve l was very close
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to  the noise level in the equipment o f 0.7 m icrovolts, ye t the 
subject s t i l l  achieved s ign ifican tly  lower levels o f resting tone 
w ith  biofeedback than w ithou t on each o f the five  days o f 
tra in ing . Therefore, in fo rm ation  was like ly  to  be available to  aid 
reduction in levels o f resting tone in the m a jo rity  o f subjects 
and longer periods o f tra in ing  m ight have resulted in more 
subjects e ffe c tiv e ly  a tta in ing  e le c tr ica l silence in the ir 
fro n ta lis  muscles. The re la tive ly  low levels o f resting tone in 
the adult subjects could be linked to  the fa c t th a t the adu lt 
subjects who volunteered fo r th is study knew th a t the p ro jec t 
concerned re laxation using biofeedback, and therefore 
se lf-se lection may have occurred (Connally e t al. 1983). I t  is 
also possible th a t the re la tive ly  low levels o f resting tone in 
the fron ta lis  muscles reported in th is  study arose because a ll 
instructions given to subjects inadverten tly  resulted in th e ir 
trunks, limbs, necks, faces and mouths being positioned in 
accordance w ith  Schilling and Poppen's (1983) Behavioural 
Relaxation Training which was reviewed in chapter 1.4 and reported 
as resulting in low mean EMG a c tiv ity  levels in 
the fron ta lis  muscles.
EMG biofeedback was c learly  not e ffe c tive  in reducing 
resting tone in the youngest children aged 4.5-6 .5 years. As a 
group, they did not achieve s ign ifican tly  lower levels o f resting 
tone or steadiness in th e ir fro n ta lis  muscles w ith  biofeedback 
than w ithou t on any o f the four days o f tra in ing. These findings
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provide fu rth e r support fo r the suggestion made previously, tha t 
the m a jo rity  o f the youngest children appeared to  have l i t t le  or 
no idea about reducing levels o f resting tone in th e ir fron ta lis  
muscles at the s ta rt o f the four day tra in ing  period. They 
presumably had to  cope in it ia lly  w ith  the d if f ic u lt  task of 
learning the appropriate response using biofeedback as the means 
o f d iscrim ination (P lotkin, 1981). They also had to  become used to 
the equipment and the tasks so tha t they no longer sim ply enjoyed 
moving the ligh ts up and down and were m otivated to  a tte m p t to  
reduce resting tone. An acclim atisation period together w ith  
longer tra in ing  m ight have enabled the youngest children to  both 
develop and re fine  a m otor schema. Some ind ica tion o f th is  
occurring by the fou rth  day was seen because 47% o f the group had 
s ign ifican tly  lower EMG scores w ith  biofeedback than w ithou t 
biofeedback compared w ith  just 10% on the f ir s t  day.
This study has therefo re  s t i l l  not conclusively answered 
the question o f whether or not EMG biofeedback is spec ifica lly  
e ffe c tive  in enabling subjects to  reduce resting tone in th e ir 
fron ta lis  muscles. Therefore, the question of whether or not 
skills  learned w ith  biofeedback transferred to  the condition 
w ithout biofeedback also cannot be c lea rly  answered in th is  study 
because of the lack o f clear tra in ing  e ffects . However, i t  was 
suggested above tha t the adults m ight have shown trans fe r by the 
fou rth  day o f tra in ing.
Analysis of session e ffec ts  over the four days o f tra in ing
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provided additional in form ation about the effectiveness o f EMG 
biofeedback. A d iffe re n t pattern  o f results fo r the tw o tasks was 
reported. H ighly s ign ifican t session e ffec ts  over the four days o f 
tra in ing  were described fo r a ll age groups on both measures in the 
fine  contro l task, which fu rth e r supports the conclusion th a t EMG 
biofeedback was e ffe c tiv e  in increasing precision contro l o f the 
fron ta lis  muscles. In contrast, only the children aged 4.5-6.5  
years achieved s ign ifican t reductions in mean in tegra ted EMG 
levels and steadiness scores w ith  biofeedback. This is a t f ir s t  
surprising because the comparison o f scores w ith  and w ithou t 
biofeedback over the four days o f tra in ing  indicated th a t 
biofeedback was no more e ffe c tive  than the a tten tion  placebo 
contro l condition in reducing resting tone in the fron ta lis  
muscles in th is age group. Regression towards the mean or se ttling  
down m ight both be expected to  produce a reduction in the levels 
o f resting tone in the fron ta lis  muscles in both the experim enta l 
and contro l conditions. I t  is there fo re  possible th a t the 
s ign ifican t reductions between day 1 and day 4 scores w ith  
biofeedback in th is  youngest group resulted from  the fa c t th a t 
they started to  use the biofeedback e ffe c tiv e ly  by the fo u rth  day 
o f tra in ing . This in te rp re ta tion  is supported by the fa c t th a t the 
d iffe rence between mean EMG scores w ith  and w ith ou t biofeedback on 
day four would have been s ign ifican t had steadiness not been 
measured ( [3 7 ] t=2.86 p>0.05 c r it ic a l value of t=2.66 fo r four 
comparisons). However, the mean EMG levels atta ined w ith
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biofeedback on the fou rth  day were s t i l l  higher, although not 
s ign ifican tly  so, than the levels a tta ined during the 
stabilisa tion period tha t preceeded the fine  contro l task.
Therefore, even i f  the s ign ifican t session e ffe c ts  w ih biofeedback 
did ind icate tha t the children were sta rting  to use the 
biofeedback in fo rm ation  to  reduce resting tone in th e ir fro n ta lis  
muscles, th e ir a b ility  was not impressive and longer tra in ing  
would be needed in order to  decide whether or not they were 
genuinely s ta rting  to  use the biofeedback.
The lack o f s ign ifican t session e ffe c ts  in the other 
groups adds to  the doubts expressed previously about the 
effectiveness o f EMG biofeedback in enabling these subjects to 
reduce resting tone in the fron ta lis  muscles.
U 3  (3) DIFFERENCES BETWEEN THE ABILITY OF SUBJECTS TO 
PERFORM THE TWO TASKS WITHOUT BIOFEEDBACK.
Some s light evidence o f generalisation over tim e  was 
reported fo r the re laxation task but no such evidence was 
described fo r the fine  contro l task. C learly the fa c t th a t 
subjects found the fine con tro l task more d if f ic u lt  than the 
re laxation task w ithou t biofeedback could have meant th a t transfe r 
o f tra in ing  e ffec ts  should not have been expected in the fine  
contro l task in the very b rie f period o f tra in ing  provided. One 
fa c to r th a t m ight have resulted in the s ligh tly  be tte r transfe r in  
the re laxation task was th a t subjects attem pted to  reduce resting 
tone w ith  and w ithou t biofeedback each day. When they tr ie d  to
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re lax w ithou t biofeedback they were instructed to  th ink  about how 
they relaxed w ith  biofeedback and to  imagine tha t they were 
pu tting  out th e ir ligh ts  although they could not see them. They 
therefo re  received some tra in ing  in how to  a tte m p t the task 
w ithou t biofeedback. I t  was postulated in chapter 1.2 (p.69) on 
the basis o f the studies o f Craig and Cleary (1982) and Catanese 
and Sandford (1984) tha t such tra in ing  m ight be im portan t.
However, i t  did not take place in the fine  contro l task because of 
the problems o f running a contro l condition fo r a ll subjects each 
day and the adult contro l group only a ttem pted the task w ithou t 
biofeedback on the f ir s t  day p rio r to  using biofeedback and on the 
last day. However, a much more like ly  reason fo r the lack o f 
transfer in the fine contro l task was th a t the fine  con tro l task, 
which demanded specific  graded responses, was equivalent to  a 
tracking task whereas the purely d irectiona l re laxtion  task task 
was more equivalent to  a closed task such as pushing a lever. As 
was hypothesised previously on the basis o f the work o f Johnston 
and Lethem (1981 and 1983), transfer would not be expected in a 
tracking  task.
4.3 (4) SUMMARY OF THE EFFECTIVENESS OF EMG BIOFEEDBACK.
EMG biofeedback has therefore  been shown to  be both 
e ffe c tiv e  and essential fo r adult subjects in the fine  con tro l 
task which demanded d irectiona l changes o f specified levels but 
has not conclusively been shown to  be specifica lly  e ffe c tiv e  in 
the purely d irectiona l re laxation task, although the results in
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the la tte r  task provide su ffic ie n t evidence to  w arran t fu rth e r 
investigation. A reduced sensitiv ity  contro l condition in both 
tasks m ight have allowed the in fo rm ationa l content, the placebo 
and the re in fo rc ing  aspects o f EMG biofeedback tra in ing  to  be 
evaluated more successfully. EMG biofeedback tra in ing  aimed a t 
reducing the level o f resting tone m ight also have been more 
e ffe c tive  i f  a ta rge t had been provided fo r subjects to  aim at 
which was more easily a tta inab le than turn ing a ll the ligh ts  out, 
th a t is, i f  the re laxation task was a specific  ra ther than a 
purely d irectiona l task. The question o f whether or not sk ills  
learned w ith  biofeedback were transfered to the condition w ithou t 
biofeedback also cannot be c learly  answered in th is  study although 
there is a possib ility  tha t generalisation over tim e  occurred in 
the adult group in the re laxation task whereas no evidence o f 
transfer was found in the fine  contro l task.
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Chapter 4.4
MODE OF ACTION OF BIOFEEDBACK: 
THE MOTOR SKILLS ANALOGY.
(1) LEARNING CURVES.
(2) THE DEGREE TO WHICH PERFORMANCE ON THE FINE 
CONTROL AND RELAXATION TASKS WAS TASK SPECIFIC 
OR A UNITARY TRAIT.
(3) ASSESSMENT OF PERFORMANCE AFTER A BREAK IN  
TRAINING.
(4) SUMMARY.
The m otor sk ills  analogy was reviewd in  chapter 1.1 (pp. 
12-16) and 1.4 (pp. 132-143) and the fo llow ing features were 
iden tified  as being both characte ris tic  o f the acquisition o f 
skilled m otor acts and testable in the present investigation.
F irs tly , a s ign ifican t im provem ent in  performance over sessions 
u n til the asym ptotic level o f performance was reached was 
described as resulting from  in fo rm ation  about the outcome o f a 
skilled m otor ac t (Johnston and Lethem, 1981). Such a learning 
curve would therefo re  be expected w ith , but not w ithou t, 
biofeedback in the present study because the biofeedback provides 
in fo rm ation  about the results o f relaxing or con trac ting  the 
fron ta lis  muscles. Improvements over sessions would not be 
predicted w ith  or w ithou t biofeedback e ithe r in the operant 
paradigm or i f  biofeedback only a ffec ted  the asym ptotic level o f 
performance. Secondly, a skilled m otor a c tiv ity  was considered to  
be underpinned by a specific range of ab lities (Fleishman, 1972) 
and skilled m otor ac tiv itie s  which u tilised  d iffe re n t underlying 
ab ilities  should therefore be learned separately (Schwartz e t al. 
1977). Th ird ly, Sage (1977) and Fleishman (1972) also described 
m otor skills  as surprisingly resistant to  fo rg e ttin g  once 
acquired, and Sage (1977) also indicated tha t an im provem ent in 
level o f performance a fte r a break in tra in ing  (the phenomenon o f 
reminiscence) was typ ica l o f skilled m otor a c tiv itie s .
4.4 (1) LEARNING CURVES.
I t  was hypothesised tha t s ign ifican t session e ffec ts , w ith  but
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not w ithou t biofeedback, would be found i f  the m otor skills 
analogy explained the mode of operation o f EMG biofeedback fo r 
each task. The lack o f s ign ifican t session e ffe c ts  reported fo r 
the re laxation task both w ith  and w ithou t biofeedback (p. 279) 
does not support th is  experim ental hypothesis. This resu lt is in 
the same d irection as the lack o f clear evidence o f a specific  
biofeedback e ffe c t described fo r th is task in the previous section 
o f th is chapter and both findings are therefore broadly in 
agreement w ith  the findings o f Johnston and Lethem (1981, 1983). 
These authors proposed tha t, in a purely d irectiona l task, the 
m otiva tiona l and re in fo rc ing  aspects o f biofeedback tra in ing  were 
more lik e ly  to be im portan t than the in fo rm ationa l content o f the 
signal. However, fu rth e r investigation over a longer tra in ing  
period is needed in order to  c la r ify  the ro le of EMG biofeedback 
in reducing resting tone in the fro n ta lis  muscles because the 
present results cannot be in te rpre ted  on the basis o f the placebo 
or operant models alone. Some evidence o f analogue visual 
biofeedback being more e ffe c tiv e  than the a tten tion  placebo 
contro l condition and o f performance im proving w ith  tra in in g  was 
obtained in the 6.6-10.7 year olds and the adults.
In contrast, the s ign ifican t session e ffec ts  reported fo r 
the fine  contro l task, w ith  but not w ithou t biofeedback in the 
adult contro l group (p. 276) meant th a t the experim ental 
hypothesis was accepted fo r th is task. The results were 
in terpre ted as ind icating tha t biofeedback tra in ing  in the present
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study aided learning in addition to  the role o f ind ica ting the 
ta rge t and a ffe c ting  the asym ptotic level o f perform ance suggested 
previously. These findings therefore  provide clear support fo r  the 
view th a t biofeedback in th is task enabled the task to  be learned 
in a way tha t was analogous to  th a t in which m otor skills  m ight be 
acquired and only pa rtly  confirm  the proposals made by Johnston 
and Lethem (1981). These authors suggested tha t the main 
in fo rm ationa l ro le o f cardiovascular biofeedback in th e ir  task 
which demanded d irectiona l changes o f specific  magnitude was to  
aid performance by ind ica ting the ta rg e t ra ther than aiding 
learning. This was argued on the grounds tha t they fa iled  to  find  
convincing session e ffe c ts  in th e ir specific  task. (The only 
s ign ifican t session e ffec ts  which they reported were seen both 
w ith  and w ithou t biofeedback and were therefo re  a ttr ib u te d  by the 
authors to  d r if t  e ffe c ts  (reviewed p. 137)). The reasons fo r the 
d iffe rence between the results o f the fine  contro l task and the 
results o f Johnston and Lethem (1981) w ith  a specific  
cardiovascular biofeedback task could re la te  to  the fa c t tha t 
tra in ing  took place over four days in the present task w hile  the 
pattern ing o f tra in ing  over days was not clear in  the studies o f 
Johnston and Lethem (1981, 1983). I t  is also possible th a t the 
single ta rge t aimed fo r in th e ir investigations presented subjects 
w ith  a more d if f ic u lt  undertaking than the three graded ta rge ts  in 
the present study. A lte rna tive ly , the differences between the 
results may have occurred because o f some d iffe rence between
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voluntary con tro l o f in te rbea t in te rva l and vo luntary con tro l o f 
the fron ta lis  muscles w ith  biofeedback.
(2) THE DEGREE TO WHICH PERFORMANCE ON THE FINE CONTROL 
AND RELAXATION TASKS WAS TASK SPECIFIC OR A UNITARY  
TRAIT.
The experim enta l hypothesis, tha t competence a t the fine  
contro l and re laxa tion tasks should be task specific  i f  these 
tasks required d iffe re n t underlying ab ilities , was cautiously 
accepted. The relationships found between the accuracy scores on 
the fine  contro l task and the mean EMG levels atta ined in the 
re laxation task, although s ign ifican t, were very low when the 
degree o f variance in the one variable explained by the variance 
in the other variab le was examined. The reduction in degree o f 
re lationship which was reported when age was partia lled  out 
s ta tis tic a lly  also indicated th a t the weak s ign ifican t 
relationships which were reported resulted in the main from  
developmental d ifferences. The proportion o f concom itant variance 
in the variables a fte r developmental e ffe c ts  were e lim ina ted was 
never higher than seven percent. These findings do not there fo re  
support the contention tha t biofeedback competence is underpinned 
by some general sk ill which is im portan t fo r understanding the 
link  between the biofeedback signal and the response under 
tra in ing . The level o f performance achieved during biofeedback 
tra in ing  would ra ther seem to  be a ffec ted  by facto rs  specific  to 
the fine contro l and re laxation tasks. There would seem to  be a t
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least two possible explanations fo r th is find ing. F irs tly , the 
weak relationships between scores on the tw o tasks could have 
arisen because the a b ility  to  carry out the two tasks depended on 
d iffe re n t contro l mechanisms. The evidence discussed so fa r 
indicates th a t sk ill a t the fine  contro l task is acquired in a way 
analogous to  th a t in  which a skilled m otor a c t iv ity  is learned 
whereas i t  is less clear th a t th is is the case in the re laxa tion 
task where operant or placebo e ffe c ts  o f biofeedback tra in ing  
could be im portan t. However, the fa c t th a t the steadiness scores 
on the tw o tasks were shown to  be s ign ifican tly  positive ly 
corre lated, both in the combined groups and the separate age 
groups would seem to suggest th a t to ta lly  d iffe re n t mechanisms 
were not operating. This in te rp re ta tion  is supported by the fa c t 
tha t the steadiness scores on each task were also weakly re la ted 
to accuracy scores (fine con tro l task) or mean EMG scores 
(re laxation) from  the other task.
An a lte rna tive  explanation may be more plausible. The 
results could be in terpre ted as agreeing w ith  the conclusions o f 
Schwartz e t al. ('76) (reviewed on p. 99.) who reported th a t 
acquisition o f a cardiac reaction tim e  task w ith  biofeedback was 
not re lated to , and possibly in te rfe red  w ith , the acquisition o f a 
cardiac strength and endurance task. These authors there fo re  
concluded tha t th e ir tw o cardiovascular biofeedback tasks 
involving d iffe re n t ab ilities  were acquired in the same way as 
m otor skills. Steadiness (the a b ility  to make precise positioning
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movements w ith  the minimum of va r ia b ility  [F leishm an, 1972]) is an 
a b ility  which could underpin both the fine  contro l and re laxa tion 
tasks in the present study. The s ign ifican t relationships between 
steadiness scores on the tw o tasks noted above supports th is 
in te rp re ta tion . In contrast, ab ilities  id en tified  by Fleishman 
(1972) such as contro l precision (the a b ility  to  make rapid and 
precise fine  adjustments), response orien ta tion (the a b ility  to  
make rapid d irectiona l d iscrim ination and o rien ta tion  o f 
movements), ra te  contro l (the a b ility  to  make muscular adjustments 
in response to  changes in speed or d irection o f a moving ta rge t) 
and aim ing (the a b ility  to make contact w ith  a ta rg e t such as 
placing a dot in a c irc le ) could a ll contribu te  towards accuracy 
in contracting the fron ta lis  muscles to  three levels indicated by 
the com puter-contro lled lig h t bar and held fo r fou r seconds. These 
ab ilities  would be unim portant or o f lesser im portance when 
a ttem pting  to  reduce mean EMG levels in the purely d irec tiona l 
re laxation task. The weak relationships between accuracy and mean 
EMG scores on the fine con tro l and re laxation tasks respective ly 
could provide some support fo r th is in te rp re ta tion  about the 
ab ilities  underpinning the tw o tasks. I f  th is  in te rp re ta tion  is 
co rrect, the a b ility  to  reduce resting tone in the fron ta lis  
muscle m ight also be expected to  be re lated to  the a b ility  to  
reduce resting tone in other muscles o f the body. S im ila rly , the 
a b ility  to  carry out a specific  task, such as the fine  con tro l 
task, w ith  the fron ta lis  muscles should be re lated to  the a b ility
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to  perform  a s im ila r task w ith  other muscles o f the body.
The patte rn  o f age differences found in the relationships 
between the d iffe re n t measures was not very clear. The most 
consistent relationships occurred in the youngest children and 
these could have resulted from  facto rs  which were unrelated to  the 
ab ilities  described by Fleishman ('72). I t  was speculated 
previously tha t the youngest subjects were in it ia lly  apprehensive 
and took two or three days o f tra in ing  to  se ttle  down to  the 
biofeedback tasks. They were described as poorly m otivated a t the 
s ta rt o f tra in ing  and i t  was also thought possible th a t they were 
unable to  recognize the analogy between the biofeedback signal and 
contraction or re laxation o f th e ir fron ta lis  muscles. I t  was also 
considered like ly  tha t a m a jo rity  o f the youngest subjects had 
poorly developed kinaesthetic sens itiv ity  and kinaesthetic memory. 
Any one or a ll o f these facto rs could have resulted in the 
youngest children scoring low on both the re laxation and the fine  
contro l tasks and so given rise to  the s ign ifican t relationships 
between scores on the two tasks reported in th is age group.
The lack o f s ign ifican t relationships between scores on 
the two tasks in the other age groups could be seen as resulting 
from  the fa c t th a t the two tasks shared only one or tw o underlying 
ab ilities  and tha t the additional underlying ab ilities  demanded by 
the fine  contro l task were most im portant. The weak, s ign ifican t 
relationships reported fo r the whole group m ight have resulted 
from  the m inor e ffe c t o f shared underlying ab ilities  which was
385
id en tified  when large numbers (156) subjects were compared but 
were in su ffic ie n t to  be id en tified  when the separate age groups o f 
38-40 subjects were compared.
4.4 (3) ASSESSMENT OF PERFORMANCE AFTER A BREAK IN TRAINING.
The experim enta l hypothesis, th a t performance should not 
de terio ra te  and m ight even be enhanced a fte r  a break in tra in ing  
was accepted fo r the re laxation task but re jected fo r  the fine  
contro l task. A s light, but ins ign ifican t, reversal in leve l o f 
performance on the fine  contro l task was seen a fte r  a two to  three 
month break in tra in ing  whereas no evidence o f a decrem ent in 
scores w ith  biofeedback was seen in the re laxation task over the 
same period. On the la tte r  task, a ll three groups achieved 
s ign ifican tly  lower levels w ith  biofeedback than w ithou t on the 
f i f th  day and the children and adults also made s ign ifican t gains 
w ith  biofeedback between the fou rth  and f i f th  days while the 
im provem ent in the juniors just missed significance. The results 
from  the re laxation task apparently ind icate tha t re ten tion  o f 
sk ills  acquired during the very b r ie f tra in ing  periods was high 
and therefo re  support the prediction, th a t i f  the m oto r sk ills  
analogy operated, the sk ill once learn t should be resistant to  
fo rg e ttin g  (Sage, '77). These findings are also in the same 
d irection  as the results o f Chen ('83) who reported th a t subjects 
m aintained the ir a b ility  to reduce muscle tone fo r e ight weeks 
a fte r  the in it ia l tra in ing . The fa c t tha t peformance levels on the 
re laxation task were not only maintained but improved on a fte r  a
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break in tra in ing  add itionally provided evidence o f the phenomenon 
of reminiscence (in which performance may be enhanced a fte r  a 
period w ithou t practice) also described by Sage ('77) as a fea tu re  
o f a skilled m otor task.
Sage (1977) fu rthe r suggested th a t an inverse re lationship 
m ight ex ist between the orig ina l level o f learning and the degree 
of reminiscence. Some s ligh t evidence o f such a re lationship was 
found in the fine  contro l task when the to ta l sample o f subjects 
who were retested were divided in ha lf on the basis o f th e ir  day 
one scores and the performance o f each o f these two groups on days 
four and five  compared. The ha lf o f the sample w ith  scores below 
the median did not show a s ign ifican t im provm ent as a group 
although f i f t y  f ive  percent improved on th e ir day four scores. On 
the other hand, the ha lf o f the sample w ith  scores equal to  or 
greater than the median showed a s ign ifican t decrement between the 
fou rth  and f i f th  day and less than one percent o f these subjects 
improved. However, these differences could also have occurred as a 
result o f the phenomenon o f regression towards the mean and 
therefore  firm  conclusions cannot be drawn.
I t  would therefore seem from  these results th a t the 
re laxation task shared features w ith  skilled m otor tasks (Sage,
1977) whereas the fine  contro l task did not. However, a ll the 
previous evidence indicated th a t the fine  contro l task was 
analogous to  a skilled m otor task whereas the in te rp re ta tion  o f 
the role o f biofeedback in the re laxation task was less
387
consistent. I t  is therefo re  possible th a t the m otor sk ills  analogy 
applied to  the fine  contro l task but th a t the four days o f 
tra in ing  were in su ffic ie n t fo r a m otor schema to  be established 
which enabled subjects to  make precise, graded contractions.
Longer tra in ing  m ight have resulted in be tte r re ten tion  and even 
in reminiscence.
The re laxation results also provide support fo r the 
earlie r, ten ta tive  in te rp re ta tion  o f the results from  the f ir s t  
four days o f EMG biofeedback tra in ing  in the adu lt group. I t  was 
suggested th a t the adult group m ight have started to  use the 
biofeedback in fo rm ation  to  reduce resting tone in th e ir  fro n ta lis  
muscles more than w ithou t biofeedback by the th ird  day o f tra in ing  
but tha t sk ills  learned w ith  biofeedback transferred to  the 
contro l condition on the fou rth  day. The fa c t th a t the mean EMG 
level in th is group was fu rth e r reduced w ith  biofeedback on the 
f i f th  day but th a t the same change did not take place w ithou t 
biofeedback could ind ica te th a t biofeedback tra in ing  was more 
e ffe c tive  in reducing resting tone than the a tten tion  placebo 
contro l condition. I t  is, however, s t il l unclear i f  m otiva tion  was 
equivalent in the two conditions and i t  is there fo re  s t i l l  not 
possible to  conclude tha t the biofeedback tra in ing  was 
specifica lly  e ffe c tive .
Enhancement o f performance a fte r a break in tra in in g  in 
the children could have resulted e ithe r from  a s h ift in 
m otivationa l level or from  m aturational changes. The tim e  o f the
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school year in which the youngest children aged 4.5-6.5 years was 
tested was considered o f im portance when possible tem perature 
e ffe c ts  were discussed. The two to  three months which elapsed 
between the fou rth  and f i f th  days o f testing could have been 
su ffic ie n t to  a llow  the increase in confidence discussed 
previously to  have a ffec ted  the performance of those young 
subjects who were tested f ir s t  early in the school year. I t  is 
also possible th a t kinaesthetic sens itiv ity  and memory a b ilitie s  
had also increased in the tw o to three month period. However, 
reminiscence was only seen w ith  biofeedback and i t  there fo re  seems 
probable tha t the youngest children were also using the 
biofeedback in fo rm ation  more e ffe c tiv e ly  than the a tten tion  
placebo con tro l by the f i f th  day. The results from  the junior 
group also provided a fu rthe r pointer th a t biofeedback tra in ing  
was more e ffe c tive  than the contro l in th is  age group.
4.4 (4) SUMMARY OF THE POSSIBLE MODE OF ACTION OF 
EMG BIOFEEDBACK.
I t  would therefore  seem th a t biofeedback was v ita l fo r 
performance in the fine  contro l task, but tha t although the task 
had elements o f a tracking  task, the im provem ent over the four 
days o f tra in ing  indicated tha t biofeedback also aided learning.
These results therefo re  provide support fo r  the m otor skills  
analogy. The results o f the purely d irec tiona l re laxation task are 
not so unequivocally explained w ith in  the general fram ew ork o f the 
m otor skills analogy because EMG biofeedback has not been shown to
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be spec ifica lly  e ffe c tiv e  and learning curves have not been found. 
The results could be in te rpre ted  as showing th a t the placebo or 
re in fo rc ing  aspects o f the biofeedback tra in ing  were most 
im portan t in th is task. However, the good re ten tion  and 
reminiscence seen in the re laxation task provided some evidence 
th a t th is task was also acquired in a way analogous to  tha t in 
which a skilled m otor task is learned w ithou t biofeedback. Further 
investigation using an improved contro l condition is there fo re  
needed in order to  c la r ify  the mode o f operation o f EMG 
biofeedback in a purely d irectiona l task.
The results o f comparing scores on the tw o tasks indicated 
tha t competence a t biofeedback tasks was not a un ita ry  t ra it ,  
although the weak relationships which were found were not 
consistent w ith  the view th a t to ta lly  d iffe re n t contro l mechanisms 
were operating. The results were thought to be best explained on 
the basis o f the underlying ab ilities  demanded by the tw o  tasks.
The two tasks were thought to  demand a higher proportion o f 
d iffe re n t underlying ab ilities  than shared ab ilities  and th is 
in te rp re ta tion  o f the results was thought to  provide fu rthe r, 
ind irec t support fo r  the notion th a t contro l o f the fro n ta lis  
muscle w ith  EMG biofeedback m ight be increased in a way analgous 
to tha t in which skilled m otor a c tiv itie s  are acquired.
The developmental d ifferences were also in te rp re ted  
w ith in  the fram ew ork o f the m otor skills  analogy. The degree o f 
development o f appropriate m otor schemata p rio r to tra in ing  was
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thought to  be im portan t. Adults were thought to  have a well 
developed schema a t the s ta rt o f the biofeedback tra in ing  in the 
re laxation task. They were therefore  thought to  use biofeedback to 
re fine and adapt param eter settings. The youngest children were 
thought to  have only a very weak schema, i f  any, a t the s ta rt o f 
tra in ing  and they would therefo re  have to  use the biofeedback to  
lay down the basis o f the parameters as w ell as re fin ing  settings.
I t  therefo re  seems on balance, th a t sk ill a t the fine  
contro l task was acquired in the same way as a skilled m otor task 
is learned but th a t fu rth e r research is needed in order to  
determ ine how biofeedback operated in the re laxation task.
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CHAPTER 4.5
SEX DIFFERENCES IN PERFORMANCE ON THE FINE CONTROL 
AND RELAXATION TASKS
4.5 SEX DIFFERENCES
A lack o f previous d ire c t or in d irec t evidence about sex 
d ifferences in precision contro l o f the fron ta lis  muscles w ith  
biofeedback was reported in chapter 1.5 (p. 110). I t  was there fo re  
not possible to make predictions about the performance o f females 
and males on the fine contro l task. The comparison between the 
performance of females and males in the four age groups (A-D) on 
th is task (illus tra ted  in figu re  34.1) showed no s ign ifican t 
differences and the size o f the d iffe rence in performance between 
females and males on th is task was also negligible, (ranging from  
0.01-0.02 o f a standard deviation when female and male to ta l 
accuracy scores over the four days o f tra in ing  were compared in 
each o f the four age groups). These findings contrast sharply w ith  
the results o f the re laxation task where the experim ental 
hypothesis, th a t sex d ifferences m ight be found in the adu lt group 
fo r the re laxation task, was supported. A du lt females in the 
present study had s ign ifican tly  higher levels o f resting tone in 
th e ir fron ta lis  muscles w ith  and w ithou t biofeedback than males 
(illus tra ted  in figu re  34.3). No evidence o f such d ifferences were 
reported fo r the children aged 4.5-10.7 years when to ta l scores 
over the four days o f tra in ing  were compared. The only d iffe rence  
in performance between male and fem ale children (aged 4.5-10.7 
years) was found on the fou rth  day o f tra in ing  when the mean EMG 
levels w ith  biofeedback o f females aged 8.6-10.7 years were 
s ign ifican tly  higher than the equivalent scores in  male subjects
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of the same age (reported on p. 294).
The higher levels o f fron ta lis  resting tone w ithou t 
biofeedback in adu lt females o f the present study are in the same 
d irection  as the findings o f Uchiyama e t al. (1981), Montgomery e t 
al. (1982), H iebert and Fitzsimmons (1981) and Cooney (1983) who 
a ll reported th a t females had higher baseline fro n ta lis  mean EMG 
levels than males, whereas Davis (1980) reported no sex 
differences in fron ta lis  baseline mean EMG levels in  her to ta l 
sample o f twelve male and twelve female subjects (the previous 
c ritic ism  o f the small sample size used in th is study applied to  
each experim ental group which consisted o f only three females and 
three males). The reasons fo r the d ifferences between the findings 
reported above, including the results o f the present 
investigation, and those o f Davis (1980) are not im m edia te ly 
obvious. The studies used d iffe re n t experim ental protocols and i t  
is not possible to id en tify  one fa c to r which d iffe re n tia te d  the 
study o f Davis (1980). For example, the fa c t th a t very unequal 
samples o f males and females were used in a ll except the study o f 
Davis (1980) and Cooney (1983) was thought to  be o f po ten tia l 
im portance. Uchiyama e t al. (1981) compared fourteen males w ith  
only six females while Montgomery e t al. (1982) compared baseline 
levels in tw enty four females w ith  only four males. The unequal 
sample sizes in these two studies do not seem to  have been 
considered when param etric  s ta tis tica l tests were selected and in 
fa c t, the differences between mean fron ta lis  EMG levels in females
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and males averaged across eleven sessions reported by Montgomery 
e t al. (1982) were no longer s ign ifican t when an alpha leve l o f 
0.02 was selected (as recommended by Levine (1982) where group 
sizes are very unequal). However, the results o f Uchiyama e t al. 
(1981), H iebert and Fitzsimmons (1981) (who compared one hundred 
and four females w ith  f i f t y  six males) and the present study 
(tw enty three females and sixteen males) were s t i l l  s ign ifican t a t 
the 0.02 level while Cooney (1983) compared equal numbers o f 
females and males (n=36) and also reported s ign ifcant baseline 
differences. Size or composition o f samples would not there fo re  
seem to  be an im portan t cause o f the d iffe rence between these 
results and those reported by Davis (1980).
Sex o f experimenter would also seem not to be o f 
consequence, despite the fa c t tha t R ick li (1976) reported th a t 
experimenters o f the opposite sex caused greater sex d iffe rences 
in m otor performance than experimenters o f the same sex, because 
both the present experimenter and Davis are fem ale. I t  also seems 
un like ly tha t the sex o f experim enter would have resulted in a sex 
d iffe rence in the re laxation task but not in the fine  con tro l task 
in the present investigation. I f  sex differences were to  have been 
predicted on one task they m ight have been expected in the fine  
contro l task rather than the re laxation task because only the 
fo rm er task required some physical e f fo r t  and R ic k li (1976) 
fu rth e r reported tha t the largest sex differences w ith  opposite 
sex experimenters were found in m otor tasks which required the
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greatest physical e ffo rt.
I t  was not predicted prior to  the s ta rt o f th is  study tha t 
sex differences would only be found in the adu lt group fo r the 
re laxation task because of the lack o f previous evidence about the 
performance o f fem ale and male children w ith  biofeedback (although 
sex differences in  spatia l ab ilities  were described in chapter 1.5 
as appearing betwen the ages o f seven amd th irteen  (Newcombe, 
1982)). However, a recently reported meta-analysis o f 64 
investigations o f sex d ifferences in m otor performance across the 
childhood and adolescent years indicated th a t the re lationship 
between m otor performance, sex and age was not a un ifo rm  one 
(Thomas and French, 1985). The fine  contro l task, and to  a lesser 
exten t the re laxation task, were described in the previous section 
of th is  chapter as being analogous to skilled m otor tasks.
Therefore the findings o f Thomas and French (1985) could be 
considered re levant to  th is  discussion. These authors reported 
tha t, in tasks requiring physical strength, males perform ed only 
s ligh tly  be tte r than females in  early childhood but male 
performance improved re la tive  to th a t o f females across childhood 
resulting in moderate differences (in the order o f 0.5 o f a 
standard deviation). Male performance continued to  im prove and 
even accelerate a t puberty as a result o f an increase in height 
and muscle tissue such th a t sex differences as large as 2.0 
standard deviation units were found. However, no sex d ifferences 
during childhood were reported in tasks which did not re ly  on
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physical strength, such as the pursu it-ro to r track ing  task. Only 
moderate sex d ifferences o f 0.5 o f a standard deviation un it were 
found fo r th is  task during adolescence. Sex differences in other 
tasks were not age related. For example, ag ility , an tic ipa tion  
tim ing, and reaction tim ing  exhibited s light male advantages 
(between 0.01 and 0.38 standard deviation units) while s ligh t 
fem ale superiority (between 0.21 and 0.29 standard deviation 
units) was exhibited in tasks such as fine  eye-m otor coordination 
and f le x ib lity . Sex differences in tasks which did not require 
power and endurance, were described by Thomas and French (1985) as 
being environm entally determined.
An a lte rna tive  way o f comparing the sex differences 
reported in the biofeedback studies under discussion would 
there fo re  be to  examine the size o f sex d ifferences in standard 
deviation units (e ffe c t size, Cohen, 1969). This was not possible 
because Davis (1980) did not report mean EMG levels while H iebert 
and Fitzsimmons (1981), Uchiyama e t al. (1981) and Montgomery e t 
al. (1982) did not report standard deviations around the reported 
means. The d iffe rence between baseline mean EMG levels o f adu lt 
females and males in the present study was one standard deviation 
unit. The only investigation in which a comparison was possible 
was th a t o f Cooney (1983) who used analogue aud itory biofeedback 
and subjects drawn from  a s im ila r adult population to  th a t sampled 
in the present study. The e ffe c t size in th is study was low er than 
th a t reported in the present study, but the d iffe rence  o f 0.8 o f a
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standard deviation un it was s t il l classified as a large e ffe c t 
(Cohen, 1969). The sex differences in baseline levels o f resting 
tone in the fron ta lis  muscles in adu lt subjects in these tw o 
studies are there fo re  in the same d irection  and o f su ffic ie n t 
e ffe c t size to  require explanation.
However, sex d ifferences w ith  biofeedback as w e ll as 
baseline differences were reported fo r adu lt subjects on the 
re laxation task on the last two days o f tra in ing  (illus tra ted  in 
figu re  34.3). The size o f d iffe rence between to ta l mean EMG scores 
over the four days o f tra in ing  fo r females and males w ith  
biofeedback was 0.8 o f a standard deviation un it. These results 
were in the same d irection  as those o f H iebert and Fitzsimm ons
(1981), Uchiyama e t al. (1981) and Cooney (1983) who also reported 
th a t males gained lower mean EMG levels w ith  biofeedback than 
females However, these findings were again opposite in  d irec tion  
to  those o f Davis (1980) who reported tha t females made greater 
gains than males. Davis (1980) did not provide in fo rm ation  about 
mean EMG levels in her fem ale and male subjects and there fo re  i t  
was not possible to  make d ire c t comparisons w ith  the present 
study. Her results w ill also not be discussed fu rth e r given the 
previous c ritic ism  of her study fo r the very small sample sizes 
used in each experim ental condition.
However, the lower mean EMG levels atta ined by males in  
the studies o f Uchiyama e t al. (1981) and Cooney (1981) could not 
be considered to  result conclusively from  males using the
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biofeedback tra in ing  more e ffe c tiv e ly  than females. The 
differences reported w ith  biofeedback could have resulted from  the 
baseline differences already discussed. Only H iebert and 
Fitzsimmons (1981) carried out an analysis of covariance in an 
a ttem p t to  adjust fo r the e ffe c t o f in it ia l d ifferences in mean 
EMG levels and described the sex differences as s ign ifican t.
Analysis o f covariance o f sex e ffe c ts  in the day four mean EMG 
scores w ith  and w ithou t biofeedback using the day one scores as 
covariates in the present study resulted in a d iffe re n t find ing.
The main e ffe c t o f sex was no longer s ign ifican t w ith  biofeedback 
whereas i t  was s ign ifican t w ithou t biofeedback ( [1 /3 6 ] F=6.05
p<0.02).
These findings ind icate tha t the lower leve l o f fro n ta lis  
resting tone atta ined by males in the present study resulted from  
in it ia l baseline differences rather than from  th e ir superior use 
o f the EMG biofeedback in fo rm ation . However, i t  is possible th a t 
the sex d ifferences in the present study resulted from  the fa c t 
tha t males were able to relax be tte r than females, w ith  or w ithou t 
biofeedback as subjects were instructed to  do so in  both the 
experim ental and contro l conditions. An exam ination o f the mean 
EMG levels atta ined by males and females in the s tab ilisa tion 
period tha t preceeded the fine  contro l task ( illus tra ted  in Figure 
34.3) indicated tha t, when just s itting  qu ie tly , a trend was also 
seen towards fem ale levels o f fron ta lis  resting tone again being 
higher than the levels o f resting tone in the males. The sex
398
differences reported fo r the re laxation task therefo re  appear not 
to  be linked to  the presence or absence o f biofeedback.
However, the reasons why adu lt females should have higher 
baseline levels o f fro n ta lis  resting tone than males or children 
are unclear. Ford e t al. (1983) attem pted to  construct a p ro file  
o f patients who were unsuccessful at u tilis ing  a m ix tu re  o f EMG 
biofeedback and progressive re laxation tra in ing  (called quieting 
response tra in ing) and suggested tha t the d iff ic u lt ie s  experienced 
by fem ale subjects were exacerbated by what the authors called 
'menstrual e ffe c ts '. However, they presented no evidence to  
support th is chauvinist speculation. The lack of sex d ifferences 
in the two youngest, pre-puberta l groups o f subjects could support 
the idea tha t the differences were re lated to  some change a t 
adolescence. Such changes could be just s ta rting  in the oldest 
group o f children where s ign ifican t d iffe rence between males and 
females w ith  biofeedback was seen only on the fou rth  day. However, 
emergence o f sex differences a t puberty are as lik e ly  to  be 
related to a lte ra tions in social pressures and role expectations 
as to  b iological changes concerned w ith  onset o f menses and such 
facto rs would need to  be specifica lly  investigated before a 
b io logical explanation could be given w ith  any confidence.
A fu rth e r reason fo r the sex d ifferences reported could 
involve the age d is tribu tion  in the male and fem ale adu lt groups. 
6:23 females and 2:16 males were over fo r ty  nine years o f age and 
H iebert and Fitzsimmons (1981) add itiona lly reported th a t subjects
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aged 49 years plus had s ign ifican tly  higher s ta rting  levels and 
achieved s ign ifican tly  smaller decreases in resting tone in the 
fron ta lis  muscles w ith  EMG biofeedback than younger subjects. This 
po ten tia lly  confounding fa c to r was unfortunate ly reported too la te  
to  match the ages o f male and fem ale adult subjects in the present 
study. However, the sex differences were s t i l l  s ign ifican t, when 
subjects over 49 years old were removed from  the sample and the 
mean EMG, day 4 results fo r levels o f resting tone were then 
compared between the remaining 14 males and 16 females, (t=2.23, 
p<0.05 c r it ic a l value o f t=2.07). This explanation o f the 
differences would therefo re  also seem to  be unlike ly.
Another, very speculative in te rp re ta tion  o f the findings 
could be made on the basis o f the differences between the 
underlying ab ilities  required fo r each task. I t  was postulated 
earlie r th a t both tasks required good steadiness while the fine  
contro l task add itiona lly involved contro l precision, fine  
adjustment, ra te  contro l and aim img. K im ura (1973) reported th a t 
precision and tim ing  aspects o f visuo-spatial tasks m ight be dea lt 
w ith  by the le f t  cerebral hemisphere while other aspects o f 
visuo-spatial processing and processing o f em otional in fo rm ation  
have been described as rig h t hemisphere functions (McGlone, 1980). 
McGlone (1980) also reported tha t individual varia tion  has been 
found in the degree to which such functions are processed by one 
hemisphere. She reviewed evidence from  aphasic stroke patients 
which indicated th a t r ig h t handed male subjects were more lik e ly
to  process verbal and numerical in fo rm ation  in the le f t  hemisphere 
and visuo-spatial in fo rm ation  in the rig h t hemisphere whereas both 
hemispheres m ight be involved in such processing in right-handed 
females. McGlone (1980) also speculated th a t the localisation o f 
processing o f visuo-spatial in fo rm ation  in one hemisphere ra ther 
than both was lik e ly  to result in be tte r performance on 
visuo-spatia l tasks in males than females. I f  th is  was so then i t  
is possible tha t sex differences would not be predicted in the 
fine  con tro l task because both hemispheres m ight be involved in 
its  execution. However, males m ight be expected to  do be tte r than 
females a t the re laxation task because processing would only 
involve the righ t hemisphere.
This proposal can a t the best only be made te n ta tive ly  
because B u ffe ry  (1975), on the basis o f a tachistoscope 
investigation, proposed tha t females were more like ly  to process 
visuo-spatial in fo rm ation  un ila te ra lly  while males were more 
like ly  to  process such in fo rm ation  b ila te ra lly . Gur e t al. (1982) 
made the same proposal as a consequence of m onitoring cran ia l 
blood flow  during ligu is tic  and visuo-spatial tasks. Fairw eather
(1982), on the other hand, concluded th a t sex d ifferences were 
unim portant a fte r review ing 111 tachistoscope studies o f which 87 
reported no sex differences in the la te ra lisa tion  o f visuo-spatia l 
processing. Only 18 studies reported greater un ila te ra l processing 
o f such in fo rm ation  in males and 6 reported greater un ila te ra l 
processing o f such in fo rm ation  in females. The evidence is
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therefo re  very unclear and i t  would therefo re  be necessary to  test 
th is  speculation d irec tly , fo r example by m onitoring occ ip ita l or 
parie ta l alpha blocking in the two hemispheres while the two 
biofeedback tasks were being performed. This does not seem to  have 
been done w ith  EMG biofeedback tasks, although Trotm an and Hammond 
(1978) compared the proportion o f le f t  hemisphere w ith  r ig h t 
hemisphere alpha wave production during verbal and visuospatial 
tasks and reported th a t males were more strongly la tera lised fo r 
visuospatial tasks than females. This find ing could lend support 
fo r the above speculation, although i t  must be noted th a t Trotm an 
and Hammond compared just f ive  male and five  fem ale subjects.
Davidson and Schwartz (1976) examined patterns o f cerebral 
la te ra lisa tion  during cardiac biofeedback. They used r ig h t handed 
males and females as th e ir subjects and reported no 
sex-differences in p re-test hemisphere asymmetry o f alpha 
production. However, they reported tha t during biofeedback tasks 
and self-generation o f a ffe c tive  imagery the females showed 
greater r ig h t hemisphere ac tiva tion  (evidenced by alpha-blocking) 
than males. The authors concluded th a t females may adopt d iffe re n t 
strategies from  males while using biofeedback. Females were more 
like ly  to  a ttem p t to  use cognitive or a ffe c tive  strategies than 
somatic straegies. Davidson and Schwartz (1976) suggested th a t 
both sexes used covert somatic strategies in order to  bring about 
contro l o f cardiac function w ithou t biofeedback. However, they 
postulated th a t females then altered th e ir strategies once
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biofeedback was provided whereas the males did not.
I t  is there fo re  possible tha t females in the present study 
also used d iffe re n t strategies from  the males when a ttem pting  to 
reduce resting tone in the fron ta lis  muscles w ith  and w ithou t 
biofeedback. Females m ight have used a ffe c tive  strategies while 
males adopted somatic strategies. The re lationship between 
a ffe c tive  imagery and fron ta lis  muscle tone was described in 
chapter 1.4 (p. 88) as not being c learly  established whereas 
Schilling and Poppen (1984) indicated th a t som atic strategies were 
e ffe c tiv e  in reducing fron ta lis  resting tone. Selection o f 
d iffe re n t strategies by males and females could have produced the 
differences in performance between the tw o sexes. The fa c t tha t 
males also achieved lower baseline levels than the females during 
the stab ilia tion  period does not im m ediate ly f i t  w ith  th is  
in te rp re ta tion  o f the sex differences. However, i t  is possible 
tha t subjects o f both sexes in terpre ted the instruction  to  s it 
qu ie tly  to  mean tha t they should try  to  relax. I f  th is  was the 
case then the sexes could have adopted the same strategies to  
relax during the stabilisa tion periods th a t they used during the 
re laxation task.
The lack o f sex differences in  the fine contro l task could 
have occurred because the instructions in th is task e lic ite d  
s im ilar strategies in both males and females whereas the 
instructions fo r the re laxation task were de libera te ly designed in 
order not to  l im it  subjects to  one strategy. The possib ility  o f
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somatic, cognitive and a ffe c tive  strategies were each presented to 
subjects. This could have emphasised sex-related d ifferences in 
the re laxation task, because males and females m ight have made 
d iffe re n t choices. Both sexes were like ly  to have made s im ila r 
choices fo r the fine  contro l task, because in th is  task the 
instructions did not provide an option. I t  was suggested tha t 
subjects should s ta rt to  gain contro l o f the biofeedback signal by 
raising eyebrows or frowning. Cognitive or a ffe c tiv e  strategies 
were not described. I f  th is explanation was correct, then the 
fem ale subjects aged ^.5-10.7 years must have been no more like ly  
than male subjects o f the same age range to  adopt in e ffe c tive  
cognitive, a ffe c tiv e  strategies fo r the re laxation task.
Alpha blocking could be monitored experim enta lly , while 
male and fem ale subjects carried out re laxation and fine  con tro l 
tasks w ith  and w ithou t auditory biofeedback. A ud ito ry  biofeedback 
would be essential because visual s tim u la tion  e ffe c tiv e ly  blocks 
alpha production. I t  would then be possible to  reassess the 
sex-related differences and to  re la te  them to  hemisphere asym metry 
d irec tly . I t  would also be in te resting  to  manipulate the 
strategies used while relaxing, by m anipulating the instructions 
given, and to m onitor le f t  and rig h t hemisphere involvem ent while 
using d iffe re n t strategies on the same task.
F inally, the possib ility  th a t the sex d iffe rences in  
baseline EMG levels resulted from  anatom ical fac to rs  unrelated to 
differences in muscle tone cannot be ignored. A du lt males could
m
gave th icker skin or more subcutaneous tissue overlying the ir 
fron ta lis  muscles than adult females which m ight a ttenuate the EMG
signal m onitored by surface electrodes.
SUMMARY
I t  is proposed tha t the higher levels o f resting tone in
the fron ta lis  muscles o f adu lt females than males w ith  and w ithou t
biofeedback were most like ly  to have arisen because females tended 
to  adopt cognitive or a ffe c tiv e  strategies when instructed to 
relax. Males, on the other hand, tended to  adopt som atic
strategies which were more e ffe c tiv e  in reducing resting tone in
the fron ta lis  muscle. The lack o f sex differences in  the adu lt
group in the fine  contro l task and in  the other age groups on both
tasks would therefo re  have resulted from  subjects o f both sexes 
using s im ila r strategies.
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The experim ental hypothesis, tha t a b ility  to  perform  the 
fine  contro l and re laxation tasks would be re lated to level o f 
performance on spatia l a b ility  tasks involving le ft - r ig h t  
reversals was not supported. No clear or consistent relationships 
were found between performances on the biofeedback and spatia l 
a b ility  tasks (see table 35.2). The s ign ifican t relationships 
which were reported almost ce rta in ly  resulted from  developmental 
e ffe c ts  because they were lost in a ll except the youngest ch ildren 
when the four age groups were analysed separately. The s ign ifican t 
relationships between the scores on the fou r tasks in the ch ildren 
aged 4.5-6.5  years could have arisen because some children were 
fa ilin g  on a ll tasks. I t  was suggested previously th a t the 
youngest children m ight not have been m otivated to  a tte m p t the 
biofeedback tasks and i t  is like ly  tha t they m ight also have been 
poorly m otivated to  perform  the spatia l a b ility  tasks. The only 
find ing which does not support th is explanation is the lack o f 
relationship between the m irro r trac ing  scores and fine  con tro l 
scores in th is age group and the explanation fo r th is  resu lt is 
not obvious.
The lack o f consistent relationships between performances 
on the tw o tasks was not unexpected because i t  was concluded 
previously tha t performance on the tw o biofeedback tasks did not 
depend on some general sk ill. Level o f performance was ra the r
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thought to  depend on the d iffe re n t spectrum o f underlying 
ab ilities  demanded by the tw o biofeedback tasks. The findings 
could there fo re  ind icate tha t Ford e t al. (1983) were correc t in 
th e ir assumption th a t the main reason fo r the previous fa ilu res to  
id e n tify  personality facto rs  th a t were consistently and 
permanently related to  biofeedback success was th a t competence a t 
biofeedback tasks was not a un ita ry t ra it .  Performances on the 
video and m irro r drawing tasks were also not s ign ifican tly  
related. I t  is therefo re  possible tha t the underlying ab ilities  
tapped by these two tasks were d iffe ren t, despite the fa c t th a t 
they both involved le ft- r ig h t inversions. Steadiness and precision 
contro l were like ly  to  be more im portan t in the m irro r than the 
video task. The only other s ign ifican t re lationship between scores 
on a biofeedback task and a spatial a b ility  task was a positive 
corre la tion between steadiness a t the fine  contro l task and the 
m irro r trac ing scores in the age groups B-D (see table 35.2). This 
could have occurred because the requirements fo r  precision con tro l 
and steadiness were shared by the tw o tasks.
The th ird  possible reason given fo r the lack o f success in 
iden tify ing  any personality variab le th a t was corre lated w ith  
biofeedback performance was tha t the theore tica l reasons fo r 
looking fo r relationships were unclear (Levenson and D itto , 1981). 
Pickard (1979) suggested th a t spatia l a b ility  in the sense o f 
understanding the self in action m ight be related to  succesful 
biofeedback performance. The present investigation has not
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indicated th a t th is is the case. I t  has been postulated th a t the 
spatia l a b ility  and the biofeedback tasks m ight have shared some 
underlying ab ilities . I t  m ight there fo re  have been advisable to  
look fo r relationships between performance on biofeedback tasks 
and performance on tasks designed to  test the underlying m otor 
ab ilities  required fo r the biofeedback task. I t  m ight also have 
been o f in te rest to  compare the performance o f subjects on tasks 
measuring kinaesthetic sens itiv ity  and kinaesthetic memory used by 
Laszlo and Bairstow (1980) and biofeedback tasks. The present 
study provides some basis fo r investigating these relationships 
fu rthe r.
SUMMARY
Biofeedback competence was shown not to  be a un ita ry  t ra i t  
but to be task-dependent. Therefore i t  was not surprising th a t 
performance on spatia l a b ility  tasks requiring le ft - r ig h t  
reversals were in the main unrelated to performance on the two 
biofeedback tasks. The tw o sets o f tasks were thought to  u tilise  
d iffe re n t underlying m otor ab ilities  although the m irro r drawing 
task m ight have shared some ab ilities , such as precision con tro l, 
w ith  the fine  contro l task. Relationships should therefo re  be 
looked fo r between tasks sharing the same underlying ab ilities , 
although the relationships between performances on such tasks were 
thought like ly  to reduce over tim e.
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EMG biofeedback has been shown to  increase the precision 
o f specific , graded contractions in the fron ta lis  muscles o f 
non-clin ica l subjects from  4.5 years through to 54 years o f age. A 
clear pattern  o f developmental d ifferences was found fo r  th is  task 
in which performance w ith  biofeedback increased w ith  age through 
to adulthood. Subjects in each age group gained a surprising leve l 
o f contro l, given the short tra in ing  sessions and the stringen t 
ta rge t requirements. The two to  three month break in tra in ing  
demonstrated th a t the task been learned su ffic ie n tly  w e ll fo r only 
a s ligh t reversal o f performance to  result. However, tra in ing  was 
very b rie f, w ith  a to ta l o f just tw elve tr ia ls  a t each level.
Range o f movement was not m onitored and no evidence o f trans fe r of 
skills learned w ith  biofeedback to  the condition w ithou t 
biofeedback was found in the adu lt group (although transfe r had 
not been expected in such a b rie f period o f tra in ing). These 
findings do not therefo re  provide a f irm  basis fo r  c la im ing th a t 
such tra in ing  would be e ffe c tive  as a therapy aimed a t increasing 
strength o f contraction o f muscles or increasing precision o f 
movement.
Other reasons fo r caution include the fa c t th a t the 
fron ta lis  muscles may not be a good model fo r the problems th a t 
must be faced during rehab ilita tion , pa rticu la rly  because active
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ROM could not be measured. The abductor hallucis muscle used as a 
model by Middaugh (’78) and Middaugh e t al. (’82) would s t i l l  seem 
to  be the f ir s t  choice i f  problems o f locating the muscle were 
solved or i f  only adult subjects were tested. A c ruc ia l d iffe rence 
between therapy and a contro lled laboratory study, involves the 
qua lity  o f the contact between experim enter and subjects and 
therapist and patient, described by Taub and School ( ’78) as being 
the variable tha t produced the strongest experim ental e ffe c t in  
th e ir studies o f tem perature biofeedback. In the present study, 
every a ttem pt was made to  standardise contact w ith  subjects w ith in  
the tra in ing  sessions. This was sometimes d if f ic u lt  w ith  the 
youngest children, but otherwise th is  was achieved. A therap ist 
would presumably a ttem p t to  establish maximum rapport w ith  a 
patient in order to  encourage a high leve l o f m otiva tion .
Instructions and goals would be m odified and shaped to  suit 
individuals style and progress.
The degree o f contact between experim enter and subjects in 
the present study was closer than m ight have been expected in an 
academic study because the children were co llected from  the school 
and walked w ith  the experim enter fo r approxim ately f ive  m inutes to  
the laboratory and were returned to  school a t the end o f tra in ing . 
This meant th a t the experim enter made in fo rm a l con tact w ith  each 
o f the children outside the laboratory setting, and i t  is possible 
th a t th is contact a ffec ted  the relationships w ith in  the tra in ing  
sessions. Most o f the adults tested were known to  the
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experim enter, as students or colleagues. I t  was not possible to 
assess the results o f these contacts outside the laboratory, but 
i t  seems like ly  th a t they could a ffe c t results by a lte ring  subject 
m otivation . Nevertheless, the d ifferences which exist between 
laboratory and c lin ica l procedures raises questions about the 
relevance o f laboratory studies fo r c lin ica l practice .
The d iff ic u ltie s  o f extrapolating from  the laboratory to 
the c lin ic  obviously apply equally to  the re laxation task. But the 
use o f EMG biofeedback tra in ing  fo r reducing resting tone in the 
fro n ta lis  muscles could be even less f irm ly  recommended as a 
therapeutic technique. Biofeedback was not shown to  be e ffe c tiv e  
in reducing resting tone in the fron ta lis  muscles o f the children 
aged ^f.5-8.5 years old and, although on balance biofeedback was 
thought to  be e ffe c tive  in reducing resting tone in the oldest 
children and adults, the results did not id en tify  whether the 
greater reductions w ith  biofeedback than w ithou t were due to  
m otiva tiona l or placebo e ffe c ts  ra ther than to  the specific  e ffe c t 
o f the biofeedback in fo rm ation  provided. The degree to  which 
biofeedback was classed as e ffe c tiv e  also depended on the measures 
used to  analyse the trea tm ent e ffe c t. For example, the adults and 
older children did not a tta in  s ign ifican t gains over the four 
sessions and only s light evidence o f transfe r o f sk ills  learned 
w ith  biofeedback to  the condition w ithou t biofeedback was found in 
the adult group. However, given the short tra in ing  period, 
selected to  m inim ise transfer, the fa c t th a t skills were reta ined
undiminished a fte r a two to  three month break in tra in ing  and even 
exhibited evidence o f reminiscence could ind icate th a t therapy 
m ight be more successful than the tra in ing  given in th is  
experim ent because therapy would expected to  occur over weeks or 
months ra ther than days. B e tte r transfer m ight also be promoted by 
the inclusion o f specific  tra in ing  periods w ith  transfe r as the 
main objective each day.
A high degree o f individual varia tion  was found in each o f 
the tasks, and yet the relationships between scores on the two 
tasks were low, apart from  steadiness scores. On both tasks some 
children approached adu lt levels and some adults were no be tte r 
than average children. I t  was not generally the same individuals 
who fa iled  on the two tasks. I t  was suggested th a t competence was 
not general but was, ra ther, task specific . The degree o f 
in tersub ject differences reported emphasise tha t biofeedback used 
in a c lin ica l setting m ight not be a successful mode o f therapy 
w ith  a ll patients. The possib ility  o f testing subjects on some 
simple, p red ic tive  tes t in order to  decide whether to  use 
biofeedback therapy or some other fo rm  of therapy would there fo re  
be very useful. U nfortunate ly i t  seems unlike ly th a t a single 
p red ictive  tes t w ill be iden tified  because competence has been 
described as task specific  ra ther than being a un ita ry  t ra it .
However, i t  m ight be possible to  decide precisely what a b ilitie s  
were demanded by a given biofeedback task and then to  choose a 
p red ictive  tes t (or p red ictive  tests) appropriate ly. For example,
412
a task m ight demand a high level o f precision, steadiness and 
k inaesthetic memory which could possibly be measured by sim pler 
tests.
In conclusion, th is study has not provided any clear 
evidence fo r recommending EMG biofeedback as an e ffe c tive  
therapeutic technique. As many new questions were raised as were 
answered, m ainly because the investigation was beset by 
considerable methodological problems. Some of these problems were 
id en tified  by previous authors and were therefo re  recognised a t 
the s ta rt o f the study. A ttem p ts  were made to overcome these 
problems w ith  varying degrees o f success. O ther d iff ic u ltie s  
resulted from  two main factors. The f ir s t  fa c to r was th a t o f 
working w ith  children as young as 4.5 years old (although some 
subjects in th is age group performed as w e ll as adults). The 
second group of d iff ic u ltie s  arose from  the fa c t tha t there was 
l i t t le  previous evidence on which to  base the fine  con tro l task. 
O vera ll, the design o f an adequate contro l condition remains a 
m ajor issue i f  possible specific  e ffe c ts  o f EMG biofeedback are to 
be separated from  placebo or operant e ffects .
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GLOSSARY OF TERMS
GLOSSARY OF TERMS CONCERNED WITH BIOFEEDBACK USED 
IN THIS THESIS.
Feedback
Biofeedback
EMG biofeedback
Visual
biofeedback
Auditory
biofeedback
Re-insertion of the results of past performance 
into a system.
Re-insertion of the results about immediate past 
peformance (monitored via external sensors) into 
a biological system (subject) by displaying the 
information to the subject in a perceptible form.
The use of electrodes as external sensors to 
record electrical changes in muscles (EMG) on 
which the display is based.
The information is displayed to the subject via 
the visual modality (eg. oscilloscope, meter,
LED s^ or a computer display)
The information is displayed to the subject via 
the auditory modality (eg. a tone or clicks).
B in a ry  EMG
b io fe e d b a ck
Analogue EMG 
biofeedback
Absolute EMG 
biofeedback.
Relative EMG 
biofeedback
Sensitivity
Shaping
procedures
The information is only relayed to the subject 
when a selected threshold is exceeded by the EMG 
levels.
The information relayed to the subject varies in 
proportion to changes in EMG levels.
A reference point provides information about 
initial EMG levels such that the magnitude of 
change in EMG levels over time is evident to the 
subject.
No such reference point is provided and therefore 
information about the magnitude of change over 
time will depend on the memory of the subject.
The relationship between integrated EMG levels 
and the rate of change of the analogue display.
Modifications to the sensitivity setting such 
that different (usually greater) changes in EMG 
levels are required to produce the same change 
in the analogue display.
Cognitive
mediators
Thoughts, identified using biofeedback, which 
modify the system.
Somatic
mediators
Contingent EMG 
biofeedback
Non-contingent 
EMG biofeedback
Control groups or
a) Waiting list
b) Motivated 
instructions
Changes in somatic systems, not used as the 
basis of the signal, identified using 
biofeedback, which modify the syatem.
Biofeedback based on the EMG levels of the 
subject.
Biofeedback based on an alternative source than 
the EMG levels of the subject (eg. another 
subject or a computer-generated display.)
conditions.
In which subjects are called for initial 
monitoring; receive no treatment and are 
re-assessed at the same time as the experimental 
subjects.
In which control subjects are treated as in (a) 
but additionally are instructed to attempt the 
task faced by the experimental subjects, but 
without biofeedback.
c) Attention 
placebo
d) False (pseudo) 
biofeedback
e) Altered 
contingency
f) Reduced 
sensitivity
In which control subjects are treated as in (a) 
and (b) and additionally are required to attend 
to a signal equivalent to the signal received by 
the experimental subjects. Control subjects are 
instructed that the display is not contingent and 
are given some alternative reason for attending to 
the signal.
In which control subjects are treated as in (a) 
and (b) and additionally are provided with 
a non-contingent signal presented as a 
contingent signal.
In which contingent biofeedback is provided, but 
with a time delay or reversed contingency.
In which contingent biofeedback is presented but 
the sensitivity settings are lower than the 
experimental levels.
APPENDICES
APPENDIX I
DESCRIPTIVE STATISTICS
ADDITIONAL RESULTS OF STATISTICAL TESTS 
INCLUDING INSIGNIFICANT ANALYSES
RAW DATA
APPENDIX I
DESCRIPTIVE STATISTICS
For the four age groups coded A-D plus abbreviated
tables for the six sub-groups (1-6).
1) The fine control task
a) Total scores.
b) Scores over 4 days of training.
c) Frequency distribution of accuracy 
scores in the age groups A-D, 4 days.
d) Histograms showing the frequency 
distribution of accuracy scores.
2) The relaxation task
a) Total scores.
b) Scores over 4 days of training.
c) Frequency distribution of mean EMG 
and steadiness scores A-D, 4 days
d) Histograms showing the frequency 
distribution of the scores in c.
\
3) Sex differences.
4) Retention and reminiscence.
T O T A L  S C O R E S : F IN E  C O N IR O L  T A S K  IN  T H E  A G E  G R O U P S  C O D E D  A - D .
Total accuracy (% time on target) with 
biofeedback.
Total steadiness scores with 
biofeedback.
AGE A B C D
Mean 121 144 178 237
S. D. 43.5 51.1 67.4 74.6
S. E. 6.9 8.2 10.9 12.0
Kurtosis -0.09 -0.15 -0.2 -0.5
Skewness 0.5 0.6 0.6 -0.3
Variance 1889 2610 4544 5568
A B C D
28 22 19 14
10.0 6.5 6.2 4.4
1.6 1.0 1.0 0.7
-0.4 -0.3 -0.04 2.7
0.5 0.3 0.7 1.4
99.7 41.7 38.8 19.2
TOTAL SCORES: FINE OOWfRQL TASK IN THE AGE GROUPS CODED 1-6
Total accuracy (% time on target) with 
biofeedback (for 4 days).
AGE 1 2 3 4 5 6
Mean 110.0 133.0 118.0 169.0 166.0 189.0
S.D. 43.2 41.5 29.0 55.4 55.5 76.4
S.E. 9.7 9.3 6.7 12.4 13.1 17.1
Variance 1864.4 1723.9 841.0 3066.0 3081.0 5568.0
Total steadiness with biofeedback 
(for 4 days).
AGE 1 2 3 4 5 6
Mean 31.8 24.2 24.8 19.0 21.0 17.0
S.D. 103.0 8.2 6.6 4.9 6.5 5.5
S.E. 2.3 1.8 1.5 1.1 1.5 1.2
Variance 107.0 67.0 44.1 24.3 41.6 30.8
F IN E  C O N T R O L  T A S K
Mean % time on target (Accuracy) 
With biofeedback
Mean standard deviation 
(steadiness) with biofeedback
AGE 4.5-6.5 years (A) (n=40)
DAY 1 2 3 4
Mean 22.3 27.7 33.5 37.9
S. D. 12.0 1.4 15.4 14.2
S. E. 1.9 1.8 2.4 2.2
Kurtosis 2.6 -0.5 -0.4 0.2
Skewness 0.8 0.8 0.7 0.5
Variance 143.3 128.7 238.0 200.9
1 2 3 4
7.9 7.4 6.6 6.0
3.8 3.0 2.9 2.0
0.6 0.5 0.5 0.3
2.8 -0.9 0.2 0.01
1.2 0.3 1.0 0.6
14.3 8.7 8.1 4.2
AGE 6.6-8.5 years (B) (n=39)
DAY 1 2 3 4
Mean 26.1 34.5 39.0 44.5
S. D. 11.6 14.8 14.6 19.1
S. E. 1.9 2.4 2.3 3.1
Kurtosis 0.3 -0.3 -0.6 -0.3
Skewness 0.8 0.5 0.5 0.8
Variance 135.1 219.3 212.0 367.4
AGE 8.6-10.7 years (C) [n=30)
DAY 1 2 3 4
Mean 30.0 41.9 50.3 55.7
S. D. 14.9 16.0 22.4 22.9
S. E. 2.4 2.6 3.6 3.7
Kurtosis 0.01 -1.1 0.003 -0.05
Skewness 0.8 0.4 0.7 0.8
Variance 221.5 25G.0 503.4 526.6
AGE Adults (18 yrs. + ) (D) (n=39)
DAY 1 2 3 4
Mean 43.3 60.0 65.4 \ 68.3
S. D. 21.6 20.6 22.8 21.8
S. E. 3.5 3.3 3.7 3.5
Kurtosis 0.1 -0.01 -0.7
O1
Skewness 0.4 0.7 -0.3 -0.5
Variance 465.7 424.3 519.0 476.5
1 2 3 4
6.3 5.6 5.1 4.9
2.0 2.0 1.6 1.7
0.3 0.3 0.3 0.3
0.5 0.6 -0.9 -1.0
0.5 0.8 0.2 0.06
3.9 4.0 2.6 3.0
1 2 3 4
5.7 4.9 4.2 3.9
2.2 2.0 1.6 1.6
0.4 0.3 0.3 0.3
0.4 0.5 -0.2 -0.04
0.7 0.8 1.0 -0.01
4.7 3.8 2.4 2.3
1 2 3 4
4.3 3.5 3.1 2.8
1.9 1.4 1.0 0.9
0.3 0.2 0.2 0.2
8.9 1.5 2.9 8.5
2.4 1.1 1.5 2.3
3.7 1.8 1.1 0.8
F IN E  C O W ER G L T A S K . M E A N S  ( l - S D )  I N  T H E  A G E  G R O U P S  C O D E D  1 - 7 .
Mean % time on target with 
biofeedback, 4 days of training.
AGE 1 4.5-5.5 years (n=20)
DAY 1 2 3 4
Mean 22 24 29 35
S. D. 14.1 8.5 12.2 16.4
AGE 2 5.6-6.5 years (n=20)
DAY 1 2 3 4
Mean 23 31 38 41
S. D. 9.8 12.8 17.1 11.1
AGE 3
DAY
6.6-7.5 
1
years
2
(n=19)
3 4
Mean 21 27 32 37
S. D. 8.7 10.6 11.3 12.9
AGE 4
DAY
7.6-8.5 
1
years
2
(n=20) 
3 4
Mean 31 42 45 52
S. D. 12.3 14.6 15.1 21.7
AGE 5 £ 
DAY
L6-9.5 years 
1 2
(n=18)
3 4
Mean 28 40 48 50
S. D. 13.5 14.9 18.3 17.9
AGE 6 S 
DAY
.6-10.7
1
years
2
(n=20)
3 4
Mean 32 43 52 61
S. D. 16 1 17.2 26.0 26.0
Mean steadiness scores with 
biofeedback, 4 days of training.
1 2  3 4
9.0 8.7 7.3 6.8
4.4 3.0 3.0 2.2
1 2 3 4
6.9 6.2 6.0 5.1
2.8 2.4 2.5 1.5
1 2 3 4
7.1 6.5 5.7 5.5
2.0 2.1 1.6 2.0
1 2 3 4
5.4 4.8 4.5 4.3
1.6 1.5 1.5 1.3
1 2 4 4
6.7 5.2 4.4 4.5
2.5 2.1 1.6 1.9
1 2 3 4
4.9 4.7 4.1 3.3
1.4 1.9 1.5 1-1
T a b le s  to  show th e  fre q u e n c y  d is t r i b u t io n  o f  a cc u ra c y
(% o f  t im e  on ta r g e t )  s c o re s  w ith  b io fe e d b a c k  in  th e
fo u r  age g roups  (A-D) on 4 days o f  t r a in in g .
4.5-6.5 year olds (A)
% on target 0-20 21-40 41-60 61-80 81-100
Day 1 16 23 0 1 0
Day 2 12 22 6 0 0
Day 3 7 22 8 2 0
Day 4 3 22 11 4 0
6.6-8.5 year olds (B)
% on target 0-20 21-40 41-60 61-80 81-100
Day 1 15 19 5 0 0
Day 2 6 20 11 2 0
Day 3 2 21 11 5 0
Day 4 1 20 7 9 2
8.6-10.7 year olds (C)
% on target 0-20 21-40 41-60 61-80 81-100
Day 1 10 20 6 2 0
Day 2 0 18 14 6 0
Day 3 2 11 14 8 3
Day 4 0 12 12 7 9
Adults (D)
% on target 0-20 21-40 41-60 61-80 81-100
Day 1 6 11 16 3 3
Day 2 6 1 11 16 5
Day 3 2 5 10 10 12
Day 4 0 5 7 14 13
Histograms showing the frequency distribution of accuracy
(% of time on target) scores in the 4.5-6.5 year olds (A)
on each of four days of training.
DAY 1 DAY 2
NO.OF SUBJECTS
25.80
5 . 8 8
8 - 2 0  2 1 -4 8  41 -5 0  6 1 - 8 0  8 | 4  0 - 2 0  2 1 -4 0  4 1 -6 0  6 1 - 8 0  8 I «
*  ON TARGET
DAY 3 DAY 4
NO.OF SUBJECTS
2 5 . 8 0
8 - 2 8  2 1 - 4 0  41 -6 0  6 1 -8 0  8 1 *
*  ON TARGET
0 - 2 0  2 1 - 4 0  4 1 - 6 0  6 1 - 8 0  81«
Histograms showing the frequency distribution of accuracy
(% of tine on target) scores in the 6.6-8.5 year olds (B)
on each of four days of training.
DAY 1 DAY 2
NO,OF SUBJECTS
2 5 .0 0
0 - 2 0  2 1 -4 0  4 1 -6 0  6 1 - 8 0  81*  0 - 2 0  2 1 -4 0  4 1 -6 0  6 1 - 8 0  8 1 *
a ON TARGET
DAY 3 DAY 4
NO.OF SUBJECTS
2 5 . 0 0
2 0 . 0 0  
ISu 00
10.00  ~ '  "1
5 . 0 0
0 - 2 0  2 1 - 4 0  4 1 -6 0  6 1 - 8 0  81*
*  ON TARGET
0 - 2 0  2 1 - 4 0  4 1 -6 0  6 1 - 8 0  61*
Histograms showing the frequency distribution of accuracy
(% of time on target) scores in the 8.6-10.7 year olds (C)
on each of four days of training.
DAY 1 DAY 2
NO.OF SUBJECTS
2 5 .e e
s . e e
0 - 2 0  2 1 - 1 0  4 1-GO G I -0 0  B l *  0 - 2 0  2 I - 4 0  4 1 - 6 0  6 1 - 8 0  8 1 *
*  ON TARGET
DAY 3 DAY 4
NO.OF SUBJECTS
2 5 .0 0  
2 0 . 0 8
1 5 .0 0
1 0 .0 0
5 . 0 0
0 - 2 0  2 1 - 4 0  41-60  6 1 -8 0  BI *
*  ON TARGET
0 - 2 0  2 1 -4 0  4 1 - 6 0  6 1 - 8 0  81 ♦
Histograms showing the frequency distribution of accuracy
(% of time on target) scores in the adult group (D) on
each of four days of training.
DAY 1 DAY 2
NO.OF SUBJECTS
2 S .ee
e - 2 0  2 1 - 4 0  4 1 -6 0  6 1 -8 0  8 1 ♦ 0 - 2 0  2 1 -4 0  4 1 - 6 0  6 1 - 8 0  8 I»
*  ON TARGET
DAY 3 DAY 4
NO.OF SUBJECTS
2S.ee
2 0 .0 0  
IS. 00 
1 0 .0 0
S. 00 ________
0.00   '  _____________________
0 - 2 0  21 -4 0  4 1 -60  6 1 -8 0  81*  0 -2 0  2 1 -40  4 1 - 6 0  6 1 - 8 0  8 1 *
% ON TARGET
i s . e e
je.ee
s .  00
T O T A L  S C O R E S : R E L A X A T IO N  T A S K  IN  T H E  A G E  G R O U P S  C O D E D  A -D
Total integrated EMG scores without 
biofeedback (for .4 days).
Total integrated EMG scores 
with biofeedback (for 4 days)
AGE A B C D
Mean 26.3 18.6 18.7 14.1
S.D. 9.6 5.7 6.4 5.5
S.E. 1.5 0.9 1.0 0.9
Kurtosis 0.04 2.1 2.9 2.5
Skewness 0.83 1.2 1.4 1.1
Variance 92.7 32.8 40.8 30.7
A B C D
23.2 15.2 16.3 12.8
8.8 4.6 4.9 5.3
1.4 0.7 0.8 0.8
-0.01 0.7 2.1 2.3
0.83 1.0 1.3 1.3
77.5 21.5 24.4 27.7
Total steadiness scores without 
biofeedback (for 4 days).
Total steadiness scores with 
biofeedback (for 4 days).
AGE A B C D
Mean 13.4 9.9 5.1 2.0
S.D. 8.7 8.8 4.6 1.4
S.E. 1.4 1.4 0.7 0.2
Kurtosis 2.0 8.5 4.2 6.2
Skewness 1.3 2.7 2.0 2.0
Variance 76.1 77.6 20.9 2.0
A B C D
10.8 5.0 3.4 1.8
6.0 4.3 2.5 1.5
0.9 0.7 0.4 0.2
-0.6 4.4 4.9 4.8
0.6 2.0 2.0 2.0
35.5 18.6 6.1 2.1
T O T A L  S C O R E S : R E L A X A T IO N  T A S K  IN  T H E  A G E  G R O U P S  C O D E D  1 - 6
Total integrated EMG scores without 
biofeedback (for 4 days).
AGE 1 2 3 4 5 6
Mean 30.0 22.6 18.5 18.6 20.7 16.9
S.D. 10.2 7.7 6.0 5.6 5.9 6.4
S.E. 2.3 1.7 1.4 1.3 1.2 1.4
Variance 84.0 58.9 36.0 31.5 35.4 40.4
Total integrated EMG scores with 
biofeedback (for 4 days).
AGE 1 2 3 4 5 6
Mean 28.3 18.2 15.0 15.4 17.4 15.3
S.D. 9.2 4.7 4.0 5.3 5.0 4.8
S.E. 2.1 1.0 0.9 1.2 1.2 1.1
Variance 84.4 21.8 16.1 27.6 25.1 22.8
Total steadiness scores without biofeedback 
(for 4 days).
AGE 1 2 3 4 5 6
Mean 15.7 11.1 10.4 9.5 6.7 3.5
S. D. 8.8 8.2 10.7 6.7 5.1 3.6
S. E. 2.0 1.8 2.5 1.5 1.2 0.8
Variance 76.1 67.8 45.5 45.4 25.5 12.8
Total steadiness scores with biofeedback 
(for 4 days).
AGE 1 2 3 4 5 6
Mean 14.1 7.6 5.0 4.9 4.3 2.5
S. D. 6.2 3.5 4.2 4.5 3.0 1.6
S. E. 1.4 0.8 1.0 . i*o 0.7 0.4
Variance 38.2 12.6 17.7 20.4 8.7 2.5
R E L A X A T IO N  T A S K
Mean integrated EMG scores without 
biofeedback over 4 days.
Mean integrated EMG scores 
with biofeedback over 4 days.
AGE 4.5-6.5 years (A) (n=40)
DAY 1 2 3 4
Mean 7.8 6.3 6.4 5.8
S.D. 4.9 2.7 2.6 2.7
S.E. 0.8 0.4 0.4 0.4
Kurtosis 12.5 0.6 0.1 6.7
Skewness 3.0 1.1 0.9 2.3
Variance 24.0 7.1 6.9 7.4
AGE 6.6-8.5 years (B) (n=39)
DAY 1 2 3 4
Mean 5.5 4.3 4.2 4.6
S.D. 3.1 1.6 1.4 1.9
S.E. 0.5 0.3 0.2 0.3
Kurtosis 10.1 2.7 2.0 3.4
Skewness 2.8 1.5 1.1 1.7
Variance 9.6 2.6 2.1 3.8
1 2 3 4
7.0 6.0 5.7 4.7
2.9 2.9 2.6 1.8
0.5 0.5 0.4 0.3
-0.8 0.3 2.7 2.0
0.6 1.1 1.5 1.5
8.3 8.5 6.5 3.5
1 2 3 4
4.3 3.9 3.5 3.6
1.5 1.5 1.1 1.4
0.3 0.2 0.2 0.2
0.7 1.2 0.3 3.7
1.2 1.3 0.7 1.7
2.4 2.2 1.1 1.9
AGE 8.6-10.7 years (C) (n=38)
DAY 1 2 3 4
Mean 5.2 4.7 4.5 4.3
S. D. 2.6 1.6 1.7 1.3
S. E. 0.4 0.3 0.3 0.2
Kurtosis 7.2 0.1 2.6 0.6
Skewness 2.3 0.8 1.4 1.0
Variance 6.5 2.7 2.7 1.8
1 2 3 4
4.4 4.3 4.0 3.7
1.8 1.8 1.4 0.9
0.3 0.3 0.2 0.1
3.5 9.4 5.4 1.1
1.7 3.4 1.9 0.7
3.4 3.4 1.9 0.7
AGE Adults (18 yrs +) (D) (n=39)
DAY 1 2 3 4
Mean 3.7 3.7 3.6 3.2
S. D. 1.4 1.6 1.7 1.4
S. E. 0.2 0.3 0.3 0.2
Kurtosis 0.04 1.2 3.9 3.5
Skewness 0.7 1.0 1.5 1.3
Variance 1.9 2.6 2.9 2.1
1 2 3 4
3.4 3.3 3.1 3.0
1.5 1-4 1.4 1.2
0.2 0.2 0.2 0.2
2.9 1.7 4.3 2.2
1.6 1.1 1.6 1.1
2.3 2.0 2.0 1.5
R E L A X A T IO N  T A S K
Mean steadiness scores without 
biofeedback over 4 days.
AGE 4.5-6.5 years (A) (n=40)
DAY 1 2 3 4
Mean 3.8 3.4 3.5 2.7
S.D. 2.8 3.9 3;0 2.7
S.E. 0.5 0.6 0.5 0.4
Kurtosis -0.3 9.6 0.06 6.6
Skewness 0.9 2.7 1.0 2.4
Variance 7.9 14.9 9.0 7.4
AGE 6.6-8.5 years (B) (n=39)
DAY 1 2 3 4
Mean 3.4 1.9 2.0 2.6
S.D. 4.8 2.9 2.1 3.1
S.E. 0.7 0.5 0.3 0.5
Kurtosis 18.7 17.6 3.1 8.2
Skewness 3.9 3.9 1.8 2.7
Variance 23.3 8.7 4.4 9.3
AGE 8.6-10.7 years (C) (n=38)
DAY 1 2 3 4
Mean 1.7 1.2 1.0 1.1
S. D. 2.1 0.9 1.1 1.3
S. E. 0.4 0.2 0.2 0.2
Kurtosis 11.6 2.9 4.4 3.9
Skewness 3.0 1.6 2.0 2.2
Variance 4.6 0.9 1.3 1.8
AGE Adults (18 yrs +) (D) (n=39)
DAY 1 2 3 4
Mean 0.6 0.6 0.4 0.4
S. D. 0.8 0.7 0.3 0.3
S. E. 0.1 0.1 0.05 0.06
Kurtosis 14.1 9.7 3.3 9.7
Skewness 3.5 2.9 1.6 2.8
Variance 0.7 0.4 0.1 0.1
Mean steadiness scores 
with biofeedback over 4 days.
1 2 3 4
3.6 2.7 2.9 1.7
2.3 2.2 2.3 1.6
0.4 0.4 0.4 0.3
-0.3 -0.4 2.9 2.8
0.7 0.9 1.5 1.8
5.3 4.9 5.5 2.6
1 2 3 4
1.6 1.4 0.9 1.0
1.4 1.5 1.1 1.7
0.2 0.2 0.2 0.3
1.1 7.1 4.5 15.4
1.4 2.4 2.1 3.9
1.8 2.2 1.1 2.9
1 2 3 4
1.2 0.9 0.8 0.5
1.2 1.0 0.9 0.3
0.2 0.2 0.2 0.05
4.9 21.1 13.3 1.0
2.2 4.1 3.4 1.1
1.4 1.1 0.9 0.1
1 2 3 4
0.5 0.7 0.3 0.3
0.6 1.1 0.2 0.3
0.1 0.2 0.04 0.04
16.1 14.1 0.6 5.3
3.5 3.5 1.2 2.1
0.3 1.1 0.05 0.06
R E L A X A T IO N  T A S K . M E A N S  (4- S D ) I N  T H E  A G E  G R O U P S  C O D E D  1 - 7 .
Mean integrated EMG scores without 
biofeedback, 4 days of training.
Mean integrated EMG scores with 
biofeedback, 4 days of training.
AGE 1 
DAY
4.5-5.5 
1
years
2
(n=20)
3 4
Mean 8.3 7.2 7.5 7.0
S. D. 3.7 2.6 2.9 3.3
AGE 2 
DAY
5.6-6.5 
1
years
2
(n=20)
3 4
Mean 7.3 5.4 5.4 4.5
S. D. 5.9 2.6 1.8 1.0
AGE 3
DAY
5.6-7.5 
1
years
2
(n=19)
3 4
Mean 5.5 4.5 4.2 4.4
S. D. 3.7 1.7 1.2 1.8
AGE 4 7 
DAY
.6-8.5
1
years
2
(n=20)
3 4
Mean 5.5 4.1 4.1 4.9
S. D. 2.5 1.5 1.7 2.1
AGE 5 8.6-9.5 years (n=L8)
DAY 1 2 3 4
Mean 5.7 5.3 4.8 4.9
S. D. 2.6 1.7 1.6 1.3
AGE 6 <
DAY
).6-10.7 
1
years
2
(n=20)
3 4
Mean 4.7 4.1 4.2 3.9
S. D. 2.5 1.4 1.7 1.2
1 2 3 4
8.4 7.6 6.7 5.5
2.9 3.2 2.9 2.2
1 2 3 4
5.5 4.3 4.6 3.8
2.0 1.3 1.6 0.8
1 2 3 4
4.0 4.0 3.6 3.4
1.2 1.5 0.9 1.2
1 2 3 4
4.5 3.8 3.4 3.7
1.8 1.5 1.2 1.6
1 2 4 4
4.8 4.9 4.0 3.7
2.0 2.3 1.1 0.8
1 2 3 4
4.0 3.7 4.0 3.7
1.6 1.1 1.6 0.9
R E L A X A T IO N  T A S K . S T E A D IN E S S  S C O R E S  ( 4 -  S D ) IN  T H E  A G E  G R O U P S  C O D E D  1 - 7
Mean steadiness scores without 
biofeedback, 4 days of training.
AGE 1 4.5-5.5 years (n=20)
Mean steadiness scores with 
biofeedback, 4 days of training.
DAY 1 2 3 4
Mean 4.3 4.0 3,7 3.8
S. D. 3.2 2.9 2.5 3.4
AGE 2 5.6-6.5 years (n=20)
DAY 1 2 3 4
Mean 3.3 2.8 3.4 1.6
S. D. 2.4 4.6 3.5 1.2
AGE 3 5.6-7.5 years (n=19)
DAY 1 2 3 4
Mean 3.7 2.4 2.0 2.3
S. D. 6.5 3.8 2.0 2.6
AGE 4 7.6-8.5 years (n=20)
DAY 1 2 3 4
Mean 3.2 1.4 2.0 3.0
S. D. 2.5 1.9 2.2 3.4
AGE 5 8.6-9.5 years (n=18)
DAY 1 2 3 4
Mean 2.4 1.4 1.3 1.7
S. D. 2.8 0.9 1.1 1.6
AGE 6 9.6-10.7 years (n=20)
DAY 1 2 3 4
Mean 1.1 1.0 0.8 0.6
S. D. 1.1 1.0 1.1 0.7
4.4 3.9 3.5 2.3
2.4 2.5 2.0 2.0
1 2 3 4
2.8 1.4 2.4 1.0
1.9 1.0 2.6 0.7
1 2 3 4
1.4 1.5 1.1 1.0
1.2 1.8 1.2 1.5
1 2 3 4
1.8 1.2 0.8 1.1
1.5 1.1 0.9 1.9
1 2 4 4
1-7 1.3 0.8 0.6
1.5 1.3 0.7 0.3
1 2 3 4
0.7 0.6 0.8 0.8
0.5 0.5 1.1 0.2
T a b le s  to  show th e  fre q u e n c y  d is t r i b u t io n  o f  mean
in te g ra te d  EMG sco re s  and s ta n d a rd  d e v ia t io n  s c o re s  w ith  and
w ith o u t  b io fe e d b a c k  in  th e  4 .5 -6 .5  y e a r o ld s  on 4 d ays .
WITHOUT BIOFEEDBACK
EMG
EMG
integrated 0-2 3-4 5-6 7-8 9-10 11-12 13+
Day 1 0 10 10 8 6 3 3
Day 2 0 12 13 8 2 4 1
Day 3 0 11 13 8 4 3 1
Day 4 0 14 14 6 3 2 1 .
BIOFEEDBACK
integrated 0-2 3-4 5-6 7-8 9-10 11-12 13+
Day 1 0 12 7 9 5 5 2
Day 2 0 17 9 6 3 3 2
Day 3 0 13 14 5 4 1 1
Day 4 0 24 10 4 2 0 0
WITHOUT BIOFEEDBACK
Standard deviation 0 1 2 3 4 5 6 7 8 9 10 i:
Day 1 2 4 11 7 4 3 3 1 2 1 2 0
Day 2 2 14 6 4 4 3 1 2 1 0 1 2
Day 3 2 8 12 3 2 3 1 4 2 1 1 1
Day 4 4 11 12 3 5 1 1 0 0 2 0 1
WITH BIOFEEDBACK
Standard deviation 0 1 2 3 4 5 6 7 8 9 10 i:
Day 1 0 6 10 7 5 2 5 0 4 1 0 0
Day 2 5 11 7 6 3 2 1 5 0 0 0 0
Day 3 5 10 10 5 2 2 3 2 0 0 0 1
Day 4 9 16 7 2 3 2 0 1 0 0 0 0
T a b le s  t o  show th e  fre q u e n c y  d is t r i b u t io n  o f  mean
in te g ra te d  EMG sco re s  and s ta n d a rd  d e v ia t io n  s c o re s  w i th  and
w ith o u t  b io fe e d b a c k  in  th e  6 .6 -8 .5  y e a r o ld s  on 4 d ays .
WITHOUT BIOFEEDBACK
Mean integrated 0-2 3-4 5-6 7-8 9-10 11-12 13+
EMG      •--- -----
Day 1 1 18 13 2 2 2 1
Day 2 1 22 13 1 2 0 0
Day 3 4 22 10 2 1 0 0
Day 4 1 18 15 2 2 1 0
WITH BIOFEEDBACK
Mean integrated 0-2 3-4 5-6 7-8 9--10 11-12 13+
EMG
Day 1 1 23 11 3 1 0 0
Day 2 4 25 7 3 0 0 0
Day 3 7 25 7 0 0 0 0
Day 4 6 28 2 3 0 0 .0
WITHOUT BIOFEEDBACK
Standard deviation 0 1 2 3 4 5 6 7 8 9 10 11+
Day 1 6 10 6 7 2 2 1 1 1 1 1 1
Day 2 9 18 3 3 3 1 0 0 1 0 0 1
Day 3 8 14 8 1 3 2 1 0 1 1 0 0
Day 4 6 13 6 5 4 1 1 1 0 0 0 2
WITH BIOFEEDBACK
Standard deviation 0 1 2 3 4 5 6 7 8 9 10 11+
Day 1 6 19 6 3 2 3 0 0 0 0 0 0
Day 2 14 11 9 2 1 1 0 1 0 0 0 0
Day 3 20 12 4 1 2 0 0 0 0 0 0 0
Day 4 17 17 3 0 0 0 0 1 0 1 0 0
T a b le s  t o  show th e  fre q u e n c y  d is t r ib u t io n  o f  mean
in te g ra te d  EMG sco re s  and s ta n d a rd  d e v ia t io n  s c o re s  w ith  and
w ith o u t  b io fe e d b a c k  in  th e  8 .6 -1 0 .7  y e a r o ld s  on 4 days .
WITHOUT BIOFEEDBACK
EMG
EMG
integrated 0-2 3-4 5-6 7-8 9-10 11-12 13+
Day 1 1 15 15 5 0 1 1
Day 2 2 18 13 5 0 0 0
Day 3 0 23 13 0 2 0 0
Day 4 1 24 10 3 0 0 0
BIOFEEDBACK
integrated 0-2 3-4 5-6 7-8 9-10 11-12 13+
Day 1 2 25 6 4 0 1 0
Day 2 3 22 10 2 0 1 0
Day 3 1 28 7 1 1 0 0
Day 4 3 30 5 0 0 0 0
WITHOUT BIOFEEDBACK
Standard deviation 0 1 2 3 4 5 6 7 8 9 10 i:
Day 1 12 12 3 6 3 0 1 0 0 0 0 1
Day 2 9 18 8 1 2 0 0 0 0 0 0 0
Day 3 16 14 4 3 0 1 0 0 0 0 0 0
Day 4 19 12 2 2 0 3 0 0 0 0 0 0
WITH BIOFEEDBACK
Standard deviation 0 1 2 3 4 5 6 7 8 9 10 i:
Day 1 11 19 5 0 1 2 0 0 0 0 0 0
Day 2 15 18 4 0 0 0 1 0 0 0 0 0
Day 3 17 17 2 1 0 1 0 0 0 0 0 0
Day 4 21 17 0 0 0 0 0 0 0 0 0 0
T a b le s  t o  show th e  fre q u e n c y  d is t r ib u t io n  o f  mean
in te g ra te d  EMG sco re s  and s ta n d a rd  d e v ia t io n  s c o re s  w i th  and
w ith o u t  b io fe e d b a c k  in  th e  a d u lts  on 4 days o f  t r a in in g .
WITHOUT BIOFEEDBACK
Mean integrated 0-2 3-4 5-6 7-8 9-10 11-12 13+
EMG  — ---  — ------- — ----
Day 1 8 21 8 2 0 0 0
Day 2 10 20 6 3 0 0 0
Day 3 10 20 8 0 1 0 0
Day 4 11 24 2 2 0 0 0
WITH BIOFEEDBACK
integrated 0-2 3-4 5-6 7-8 9-10 11-12 i:
Day 1 13 20 5 0 1 0 0
Day 2 13 19 5 2 0 0 0
Day 3 14 20 4 0 1 0 0
Day 4 14 20 4 1 0 0 0
WITHOUT BIOFEEDBACK
Standard deviation 0 1 2 3 4 5 6 7 8 9 10 11+
Day 1 25 10 3 0 0 1 0 0 0 0 0 0
Day 2 22 14 2 1 0 0 0 0 0 0 0 0
Day 3 28 11 0 0 0 0 0 0 0 0 0 0
Day 4 31 7 1 0 0 0 0 0 0 0 0 0
WITH BIOFEEDBACK
Standard deviation 0 1 2 3 4 5 6 7 8 9 10 11+
Day 1 25 13 0 1 0 0 0 0 0 0 0 0
Day 2 29 6 1 2 0 0 1 0 0 0 0 0
Day 3 32 7 0 0 0 0 0 0 0 0 0 0
Day 4 33 6 0 0 0 0 0 0 0 0 0 0
Histograms showing the frequency distribution of mean
in te g ra te d  EMG scores w ith  and w ith o u t b io feedback
in  the  4 .5 -6 .5  year o ld s  (A) on each o f  4 days o f  t r a in in g .
DAY 1 DAY 2
NO.OF SUBJECTS
3 0 . 0 0  
2 7 . 8 0
2 4 . 0 0
2 3 . 0 0
10 .00
1 5 . 00
12 .00
9 . 0 0
6 .0 0
3 .0 0
0 .0 0 s = l
0 - 2 . 9  3 - 4 . 9  S - 6 . 9  7 - 0 . 9  9 - 1 0 . 9 1 1 - 1 2  13*  0 - 2 . 9  3 - 4 . 9  S - 6 . 9  7 - 0 . 9  9 - 1 0 . 9 1 1 - 1 2  13*
MEAN EMG
with biofeedback
DAY 3 DAY 4
NO.OF SUBJECTS
3 0 . 0 0
2 7 . 0 0
2 4 . 0 0
21.00
1 8 . 0 0
1 5 . 0 0
12.00
9 . 0 0
6 . 0 0
3 . 0 0  
0.00 X=L
0 - 2 . 9  3 - 4 . 9  S -6 .9  7 - 0 . 9  9 -1 0 .9 1 1 -1 2  13+ 0 - 2 . 9  3 - 4 . 9  S -6 .9  7 - 0 . 9  9 - 1 0 .9 1 1 -1 2  13+
MEAN EMG
Histograms showing the frequency distribution of mean
in te g ra te d  EMG scores w ith  and w ith o u t b io feedback
in  the  6 .6 -8 .5  year o ld s  (B) on each o f  4 days o f  t r a in in g .
DAY 1
NO, OF SUBJECTS
DAY 2
3 0 . 8 0
2 7 . 0 0
2 4 . 0 8
9 . 0 0
6 . 0 0
0 - 2 . 9  3 - 4 . 9  S - 6 . 9  7 - 8 . 9  9 - 1 0 . 9 1 1 - 1 2 . 9 3 +  0 - 2 . 9  3 - 4 . 9  S - 6 . 9  7 - 8 . 9  9 - 1 0 . 9 1 1 - 1 2 . 9 3 +
MEAN EMG
^  with biofeedback
DAY 3 DAY 4
NO,OF SUBJECTS
3 0 . 0 0
2 4 . 0 0
2 1 .0 0
1 8 . 0 0
12 .00
9 . 0 0
oo
0 - 2 . 9  3 - 4 . 9  S - 6 .9  7 - 8 . 9  9 -1 0 ,9 1 1 -1 2  13+ 0 - 2 . 9  3 - 4 . 9  S - 6 .9  7 - 8 . 9  9 - 1 0 .9 1 1 -1 2  13+
MEAN EMG
Histogram s showing the  frequency d is t r ib u t io n  o f  mean
in te g ra te d  EMG scores w ith  and w ith o u t b io feedback
in  the  8 .6 -1 0 .7  year o ld s  (C) on 4 days o f  t r a in in g .
NO,
30.ee
2 7 . 0 0
2 4 . 0 0  
2 J . 0 0  
J8..O0 
JS.00
1 2 .0 0
9 . 0 0
6 . 0 0  
3 . 0 0
DAY 1
OF SUBJECTS
DAY 2
0.00 Fq~l r l
0 - 2 , 9  3 - 4 , 9  S - 6 . 9  7 - 8 . 9  9 - 1 0 . 9 1 1 -  1 2 .# 3+  0 - 2 . 9  3 - 4 . 9  S - G . 9  7 - 8 . 9  9 -
MEAN EMG „
\\ with
DAY 3 DAY 4
NO, OF SUBJECTS
3 0 . 0 0
2 7 . 0 0
2 4 . 0 0  
2J.00
1 8 . 0 0  
IS. .00 
J 2 . 0 0
9 . 0 0
6 .0 0  
3. 00
0 . 0 0 .Q . B  B .
 □ ______
1 0 . 9 1 1 - 1 2 . 8 3 +
biofeedback
0 - 2 . 9  3 - 4 . 9  6 - 6 , 9  7 - 8 . 9  9 -1 0 .9 1 1 -1 2 .8 3 +  0 - 2 . 9  3 - 4 . 9  S -6 .9  7 - 8 . 9  9 -1 0 .9 1 1 -1 2 .9 3 +
MEAN ENG
Histograms showing the frequency distribution of mean
integrated E2-1G scores with and without biofeedback
in the adults (group D) on 4 days of training.
DAY 1
NO. OF SUBJECTS
«.n
MEAN ET1G
DAY 2 
HO.OF- SUBJECTS
MEAN EMG
^  with biofeedback
DAY 3 DAY 4
NO.OF SUBJECTS
K.N
NO.OF SUBJECTS
ll.H
<•>
MEAN EMG MEAN EMG
TOTAL SCORES: PINE CONTROL TASK IN THE AGE GROUPS CODED A-D.
Total accuracy (% time on target) with 
biofeedback.
MALES
AGE A B C D
Mean 120.0 158.0 193.0 240.0
S. D. 45.0 54.0 75.4 63.0
S. E. 10.1 12.0 17.3 15.8
Kurtosis -0.9 -0.7 -0.7 0.8
Skewness 0.4 0.5 0.5 -1.0
Variance 2021 2900 5677 3987
FEMALES
AGE A B C D
Mean 122.0 129.0 163.0 223.5
S. D. 43.0 45.0 56.4 83.1
S. E. 9.7 10.3 12.9 17.3
Kurtosis 1.2 0.5 -0.3 -0.8
Skewness 0.7 0.6 0.5 -0.06
Variance 1853 2010 3183 6898
Total steadiness scores with 
biofeedback.
A B C D
27.7 20.5 18.2 12.3
10.4 6.5 6.2 3.3
2.3 1.5 1.4 0.8
0.2 -0.2 -0.2 0.7
0.9 0.3 0.6 0.9
109.0 42.0 37.8 10.8
A B C D
28.3 23.3 19.2 14.6
9.8 6.3 6.4 4.9
2.2 1.4 1.5 1.0
-0.7 -0.2 0.3 2.1
0.2 0.5 0.8 1.4
95.7 39.4 41.5 23.5
TOTAL SCORES: RELAXATION TASK IN FEMALES IN AGE GROUPS CODED A-D
Total integrated EMG scores without 
biofeedback (for 4 days).
Total integrated EMG scores 
with biofeedback (for 4 days)
AGE A B C D
Mean 26.5 18.1 18.8 16.4
S.D. 9.2 4.2 4.5 5.6
S.E. 2.1 1.0 1.0 1.2
Kurtosis -0.5 -0.8 -1.2 2.4
Skewness 0.7 -0.4 0.4 1.2
Variance 85.0 17.9 20.0 31.3
A B C D
23.6 16.0 16.9 14.6
9.1 4.9 4.0 5.7
2.0 1.1 0.9 1.2
-0.8 -0.5 0.2 1.3
0.5 0.6 0.8 1.1
82.9 24.3 15.7 32.9
Total steadiness scores without 
biofeedback (for 4 days).
Total steadiness scores with 
biofeedback (for 4 days).
AGE A B C D
Mean 14.0 8.1 3.5 2.3
S.D. 10.3 3.9 1.8 1.6
S.E. 2.3 0.9 0.4 0.3
Kurtosis 1.9 -0.9 -0.7 6.0
Skewness 1.5 -0.1 0.6 2.1
Variance 107.0 14.6 3.2 2.4
A B C D
11.5 4.7 2.8 2.2
6.4 3.8 1.1 1.6
1.4 0.9 0.3 0.3
-0.6 3.6 -1.2 4.9
0.7 1.9 -0.3 2.0
41.0 14.6 1.3 2.4
RELAXATION TASK: MEANS (+- SD) IN ADULT FEMALES AND MALES.
Mean integrated EMG scores without 
biofeedback, 4 days of training.
FEMALES
Mean integrated EMG scores with 
biofeedback, 4 days of training.
DAY 1 2 3 4 1 2 3 4
Mean 4.1 4.1 4.3 3.9 3.8 3.6 3.6 3.5
S. D. 1.4 1.7 1.8 1.4 1.7 1.5 1.6 1.2
MALES
DAY 1 2 3 4 1 2 3 4
Mean 2.9 3.0 2.5 .2.3 2.7 2.8 2.4 2.4
S. D. 1.1 1.2 0.9 0.9 0.8 1.1 0.7 0.8
Mean steadiness scores without Mean steadiness scores with
biofeedback, 4 days of training. 
FEMALES
biofeedback, 4 days of training.
DAY 1 2 3 4
Mean 0.8 0.6 0.5 0.4
S. D. 1.0 0.4 0.3 0.4
MALES
DAY 1 2 3 4
Mean 0.3 0.7 0.3 0.3
S. D. 0.07 0.2 0.06 0.06
0.6 0.8 0.4 0.4
0.7 1.2 0.3 0.3
0.4 0.5 0.3 0.2
0.1 0.2 0.05 0.02
FINE CONTROL TASK: MEANS ( »-SD) IN ADULT FEMALES AND MALES.
Mean % time on target (accuracy) 
with biofeedback.
FEMALES
Mean standard deviation 
(steadiness) with biofeedback,
DAY 1 2 3 4
Mean 41 58 66 71
S. D. 24.6 21.8 25.2 22.1 _
MALES
DAY 1 2 3 4
Mean 46 64 65 65
S. D. 16.7 18.9 19.6 21.7
1 2 3 4
4.7 3.8 3.2 2.9
2.3 1.5 1.2 1.0
1 2 3 4
3.7 3.0 3.0 2.7
1.0 1.0 0.8 0.8
RETENTION AND REMINISCENCE
FINE CONTROL TASK 
Mean % of time on target on 1st.,
4th. and 5th. days of training Mean steadiness on 1st., 4th. and 5th
with biofeedback. days of training with biofeedback.
ADULTS (18 yrs. +) (n=23)
DAY 1 4 5
Mean 45 71 58
S. D. 25.5 24.3 23
'JUNIORS' (8.6-10.7 yrs.) (n=22)
DAY 1 4 5
MEAN 31 57 53
S. D. 15.7 24.6 23
'INFANTS' (4.5-6.5 yrs.) (n=21)
DAY 1 4 5
Mean 25 38 33
S. D. 12.8 17.7 13.7
1 4 5
4.4 2.8 3.1
1.6 1.2 1.2
1 4 5
6.4 4.4 4.2
2.6 1,9 1.9
1 4 5
8.1 6.5 6.6
3.7 2.5 2.8
RETENTION AND REMINISCENCE
RELAXATION TASK
Mean integrated EMG scores without 
biofeedback on the 1st., 4th. and 
5th. days of training.
ADULTS (18 yrs. +) (n=23)
DAY 1 4 5
Mean 3.9 3.3 3.3
S. D. 1.5 1.3 1.3
'JUNIORS' (8.6-10.7 years) (n=22)
DAY 1 4 5
Mean 6.1 5.1 4.3
S. D. 2.9 1.3 1.0
'INFANTS' (4.5-6.5 years) (n=21)
DAY 1 4 5
Mean 7.9 6.7 6.9
S. D. 3.5 3.0 2.6
Mean integrated EMG scores with 
biofeedback on the 1st., 4th. and 
5th. days of training.
1 4 5
3.5 3.3 2.7
1.4 1.3 1.1
1 4 5
5.1 3.8 3.4
1.9 0.7 0.9
1 4 5
8.0 5.4 4.4
2.9 2.0 1.4
RETENTION AND REMINISCENCE
RELAXATION TASK
Mean steadiness scores without 
biofeedback on the 1st., 4th. 
and 5th. days of training.
ADULTS (18 yrs. +) (n=23)
DAY 1 4 5
Mean 1.0 0.5 0.7
S. D. 1.1 0.4 0.7
'JUNIORS' (8.6-10.7 years) (n=22)
DAY 1 4 5
Mean 2.4 1.8 1.7
S. D. 2.7 1.6 1.3
'INFANTS' (4.5-6.5 years) (n=21)
DAY 1 4 5
Mean 4.3 3.7 5.0
S. D. 3.1 3.7 3.2
Mean steadiness scores with 
biofeedback on the 1st., 4th. 
and 5th. days of training.
1 4 5
0.7 0.4 0.4
0.8 0.3 0.5
1 4 5
1.7 0.6 0.6
1.4 0.3 0.3
1 4 5
4.5 2.6 2.0
2.6 2.0 1.8
APPENDIX I
ADDITIONAL RESULTS OF STATISTICAL TESTS 
INCLUDING INSIGNIFICANT ANALYSES
A) Developmental differences
Fine control and relaxation tasks.
1) Total scores
2) Day-by-day scores
3) Alternative analyses
3) Potentially confounding variables.
B) Effectiveness of EMG biofeedback.
C) The motor skills analogy.
1) Learning curves
2) Retention and reminiscence (full results
in text) raw data and descriptive statistics 
included here.
D) Sex differences.
Including raw data for stabilisation period prior 
to the fine control task.
DEVELOPMENTAL DIFFERENCES IN THE FINE CONTROL TASK. 
FULL RESULTS OF STATISTICAL TESTS.
1. TOTAL SCORES.
A comparison of total fine control scores ages A-D 
ACCURACY STEADINESS
AGE (% on target) (standard deviation) df
A/B 2.13 3 .26 * 77
B/C 2.48 2.14 75
C/D 3.65 * 4.10 * 75
* values significant p<0.05
critical value of t=2.79 for six conparisons.
A comparison of Total Fine Control scores ages 1-7.
ACCURACY STEADINESS
AGE ______________ ____________
1 109 31.8
) t=l.75 ) t=2.57
2 132 24.2
) t=l.34 ) t=0.27
3 118 24.9
) t=3.60 * ) t=3.14 *
4 169 19.0
} t=0.17 ) t=0.96
5 166 20.8
) t=l.05 ) t=l.98
6 189 16.9
) t=2.32 ) t=2.25
7 239 13.7
F = 16.104 * 19.986 *
p = 0.000 0.000
* values significant p<0.05
2. DAY-BY-DAY SCORES
Comparison between age groups A-D on fine control task, 
percentage of time on target.
DAY 1 2 3 4
t t t t____ df
AGE a/B 1.43 2.29 1.62 1.74
B/C 1.30 2.10 2.62 2.32
C/D 3.16 * 4.32 * 2.94 2.46
Comparison between age groups A-D on fine control task 
steadiness, (standard deviation).
DAY 1 2 3 4
t t t t
AGE A/B 2.46 3.19 3.08 * 2.57
B/C 1.08 1.64 2.33 * 2.63
C/D 3.19 * 3.66 * 3.73 * 3.41 *
Comparison between age groups 1-7 on f in e  c o n tro l ta s k , 
percentage o f tim e on ta r g e t .
DAY 1 2 3 4
t t t t df
1/2 0.15 2.13 1.97 1.41 38
2/3 0.49 1.24 1.16 1.01 37
3/4 2.85 * 3.74 * 2.83 * 2.55 • 37
4/5 0.73 0.34 0.63 0.29 36
5/6 0.91 0.57 0.53 1.60 36
6/7 2.26 3.30 * 1.94 1.05 57
Comparison between age groups 1-7 on fine control task 
steadiness (standard deviation).
DAY 1 2 3 4
t t t t df
1/2 1.79 2.93 1.51 2.79 38
2/3 0.35 0.48 0.47 0.62 37
3/4 3.05 2.97 2.45 2.23 37
4/5 1.90 0.62 0.17 0.44 36
5/6 2.70 0.76 0.66 2.48 36
6/7 1.43 2.48 2.53 1.52 57
* All values significant p<0.05
3. ALTERNATIVE METHODS OF ANALYSIS.
Full results reported in the text.
*f. POTENTIALLY CONFOUNDING VARIABLES.
Interactions between total fine control scores and 
order of feedback for relaxation, age A-D.
% OF TIME ON TARGEI' 
ORDER 1 ORDER 2
AGE
A
B
C
D
121 '  121
140 148
189 161
242 231
F=0.831 P=0.367
Values not significant,
STEADINESS
ORDER 1 a*DER 2
29 27
21 22
13 14
20 21
F=0.625 P=0.436
Interactions between total fine control soores and time 
of day.
HOUR
9.00 TO 
10.45
10.45 TO 
12.30 
12.30 TO
14.00
14.00 TO
18.00
TOTAL % TIME ON 
TARGET
TOTAL STANDARD 
DEVIATION
165 21
181 21
175 21
174 20
F=1.345 p=0.267 F=0.518 p=0.821
Values not significant, p>0.05.
Interactions between total fine control soores and roan 
temperature.
TEMPERATURE
TOTAL % Tlf-E ON 
TARGET
TOTAL STANDARD 
DEVIATION
16-18
172 22
172 21
18-20
20-22
163 20
F=2.10 p=0.054 E=1.119 p=0.340
Values not significant, p>0.05
DEVELOPMENTAL DIFFERENCES IN THE RELAXATION TASK. 
FULL RESULTS OF STATISTICAL TESTS.
1. TO TAL SCORES.
. A comparison of total relaxation scores, ages A-D.
Mean EMG Mean EMG Mean steadiness Mean steadiness
-t FB - FB + FB - EB
A G E ______ . _____________________________________ _
A 23.2 26.3 10.8 13.4
) t=5.10 * J t=4.35 * } t=5.03 * } t=l.76
B 15.2 18.6 5.0 9.9
} t=l.04 ) t=0.10 } t=2.02 ) t=3.06
C 16.3 18.6 3.4 5.0
} t=3.07 * ) t=3.39 * } t=3.27 * ) t=3.96
D 12.8 14.1 1.8 2.0
E— 20.95 20.55 38.99 22.75
p= 0.000 0.000 0.000 0.000
* All values significant p<0.05.
A comparison of Total relaxation soores ages 1-7.
Mean EMG Mean EMG Mean steadiness Mean steadiness
+ FB - FB + FB - FB
AGE _______________ ____________________ _______
1 28.3 30.0 14.1 15.7
) t=4.50 * ) t=2.57 } t=4.08 * ) t=l.73
2 18.2 22.6 7.6 11.1
} t=2.32 ) t=1.87 } t=2.04 J t=0.23
3 15.0 18.5 5.0 10.4
} t=0.26 ) t=0.03 ) t=0.11 } t=0.29
4 15.4 18.6 4.9 9.5
} t=1.23 ) t=1.14 ) t=0.4 9 } t=l.45
5 17.4 20.7 4.3 6.7
} t=l.32 } t=l.94 } t=2.29 } t=2.23
6 15.4 16.9 2.5 3.5
) t=1.89 ) t=l.67 } t=1.57 ) t=l.87
7 12.8 14.1 1.8 2.0
F = 18.84 14.03 29.24 12.65
p = 0.000 0.000 0.000 0.000
* All printed values significant p<0.05
2. DAY-BY-DAY SCORES.
Cotiparisons between consecutive age groups (A-D) on relaxation 
scores, t-tests and Dunn's critical values of t.
DAY 1
Mean EMG scores Mean steadiness scores
with feedback without feedback with feedback without feedback
AGE .______ t t________ t _ _ _ _ _  t___ df
A/B 5.17 * 2.51 4.63 * 0.44 77
B/C 0.03 0.45 1.65 1.98 75
C/D 2.69 3.35 * 3.01 3.00 75
DAY 2
t t t t df
A/B 3.93 * 4.04 * 3.07 1.90 77
B/C 0.97 1.07 1.59 1.50 75
C/D 2.64 2.76 0.88 3.22 * 75
DAY 3
t t t t df
A/B 5.10 * 4.79 * 4.88 2.65 77
B/C 1.94 0.87 0.66 2.50 75
C/D 2.84 2.37 3.00 3.37 * 75
DAY 4
t t t t df
A/B 2.96 2.17 1.72 0.11 77
B/C 0.44 0.74 1.94 2.80 75
C/D 2.70 • 3.50 * 3.34 * 3.30 75
* All values significant, p<0.05. (critical value of t=2.30)
Comparisons of relaxation scores between consecutive age 
groups (1-7), using independent t-tests and Dunn's critical 
value of t.
Mean EF1G scores -ff'B
DAY 1 2 3 4
AGE t t__ _ t t
1/2 3.78 4.21 2.81 3.30
2/3 2.64 • 0.79 2.56 • 1.16
3/4 0.90 0.26 0.64 0.65
4/5 0.60 1.64 1.80 0.07
5/6 1.50 1.96 0.11 0.02
6/7 1.41 1.32 2.07 2.34
Mean steadiness +FB
DAY 1 2 3 4
AGE t t t t
1/2 2.34 ' 4.12 1.53 2.80
2/3 2.68 ‘ 0.18 1.93 0.11
3/4 0.89 0.65 1.03 0.22
4/5 0.32 0.12 0.04 1.11
5/6 2.66 2.04 0.19 2.44
6/7 1.23 0.55 1.97 1.71
Mean EMG scores -FB 
1 2 3 4 
t t t • t df
0.60 2.11 2.83 3.27
38
1.18 1.41 2.27 0.30
37
0.02 0.65 0.24 0.77
37
0.30 2.22 1.34 0.02
36
1.27 2.31 1.23 2.45
36
1.80 1.16 1.28 1.87
57
Mean steadiness -FB 
1 2 3 4 
t t t t df
1.02 1.07 0.33 2.80
38
0.20 0.23 1.51 0.97
37
0.31 1.05 0.04 0.72
37
0.89 0.14 1.20 1.51
36
1.13 1.18 1.45 2.51
36
1.76 1.76 1.52 1.45
57
3. ALTERNATIVE METHODS OF ANALYSIS.
Frequency'of individuals having significantly lower 
soores with feedback than without on a day-by-day basis.
DAY 1 2 3 4
AGE A . 6 13 i$. “ 18
B 11 13: 16 .21
C 17 16 15 24
D 16 22 26 22
square
df=3
9.06
p<0.05
5.99
n/s
8.90
p<0.05
2.66
n/s
Comparisons of ratios over four days of training
Group A/B compared Chi square=1.33 d£=l p>0.05
Group A/C compared Chi square=6.91 d£=l p<0.05
Group A/D compared Chi square=5.42 df=l p<0.05
Frequency of individuals with 0-4 days in which mean 
BIG scores with feedback were significantly lower tlian
DAY
J3-1G
0
scores
1
without
2
feedback.
3 4
AGE A 10 14 11 4 1
B 12 9 6 8 4
C 5 8 13 10 2
D 5 9 8 7 10
Age group A (4-6 yrs.) compared with age group D (adults) 
Chi-square=l1.3983 d£=4, difference significant p<0.05.
No otlier oonparisons significant.
Re-analysis of the four age groups (A-D) with subjects randomly 
removed to make the group sizes equal (38): analysis of variance of 
accuracy and steadiness in the fine control task and mean intgrated 
EMG scores and steadiness scores with and without biofeedback in 
the relaxation task by age (values of F [3,148]).
FINE CONTROL TASK
DAY | 1 2 3 4
% on target | 12.9 28.4 21.4 16.5
steadiness | 12.9 20.0 25.0 25.2|
RELAXATION TASK
DAY | 1 2 3 4
Mean EMG +FB | 24.0 13.9 19.5 11.9
Mean EMG -FB | 11.7 14.2 17.91 12.7
Steadiness +FB | 31.2 14.5 28.6 16.8
Steadiness -FB | 9.6 9.2 19.7 10.9
All values of F highly significant p<0.05
i f . POTENTIALLY CONFOUNDING VARIABLES.
Interactions between total relaxation scores and rocm 
temperature, age coded A-D.
Total Ef-JG score with feedback(FB) 1^ =7.003 p=0.001 *
Total IiMG score witiiout feedback F=3.222 p=0.042 *
Total steadiness score with FB F^ =5.237 p=0.006 *
Total steadiness score without FB F=0.80l p=0.454
* Values significant p<0.05.
TVo-way interactons between tenperature and age on 
total relaxation scores.
Total IMG score with feedback F=3.288 p=0.022 *
Total steadiness score with FB F=3.525 p=0.017 *
* Values significant p<0.05.
Effect of order that feedback was given for relaxation 
on total relaxation scores, age coded A-D. ______
Total I2-J3 with feedback (microvolts)
AGE A B C D MEAN
ORDER 1 25.3 14.6 16.0 13.3 17.2
ORDER 2 21.2 15.8 16.8 12.2 16.6
F=0.264 p=0.614, not significant p>0.05.
Total 12-13 witliout feedback (microvolts)
E A B C C MEAN
ORDER 1 27.1 19.0 17.6 14.1 17.2
ORDER 2 25.5 18.1 20.3 14.0 19.6
F=0.037 p=0.827, not significant p>0.05.
Itotal steadiness witli feedback (standard deviation)
A B C D MEAN
ORDER 1 13.2 3.8 2.9 2.3 5.4
ORDER 2 8.5 6.2 4.0 1.2 5.1
f-0.131 p=0.717, not significant p>0.05. 
'Ibtal steadiness witliout feedback (staixlard deviation)
E A B C D MEAN
ORDER 1 15.2 11.0 4.7 2.4 8.1
ORDER 2 11.6 8.8 5.5 1.6 7.1
F=0.634 P=0.433. not significcuit p>0.05.
EFFECTIVENESS OF EMG BIOFEEDBACK: FINE CONTROL TASK.
Results reported in separate section entitled 
'Adult control group' at the end of this section.
EFFECTIVENESS OF EMG BIOFEEDBACK: RELAXATION TASK.
Conqxirisons of relaxation scores with mid witliout feedback, 
within age groups (A-D) over 4 days, t-tests for related 
smrples and Dunn's critical values of t.
Mean EMG soores +/- FB. Mean steadiness soores +/- FB.
DAY 
/YJE 
A
B
C
D
1.24 0.79 2.01 2.86
2.37 
3.18 *
2.03 3.80 * 4.73 *
2.25 3.36 * 3.70 *
1.68 2.83 4.28 * 1.06
1 2 3 4
t t t t- df
0.53 1.26 1.59 2.71
39
2.27 1.23 3.47 * 3.80 *
38
1.74 1.33 1.92 3.08 *
37
0.52 0.50 1.48 1.38
38
* All values significant p<0.05.
THE MOTOR SKILLS ANALOGY.
L IMPROVED PERFORMANCE OVER SESSIONS: LEARNING CURVES.
FINE CONTROL TASK.
Comparison within age groups A-D on fine control task, 
percentage of time on target.
DAY 1/2 2/3 3/4 1/4
t t t t df
AGE A 3.10 * 3.71 * 2.11 7.04 * 39
B 4.46 * 2.02 2.77 7.63 * 38
C 6.60 * 3.17 * 2.08 9.98 * 37
D 5.29 * 2.20 1.08 7.00 * 38
Canparison within age groups A-D on fine
steadiness (standard deviation).
DAY 1/2 2/3 3/4 1/4
t t t t df
AGE A 1.07 1.84 2.26 3.96 * 39
B 2.48 2.97 1.13 5.59 * 38
C 2.90 3.50 1.79 5.82 * 37
D 2.82 2.59 2.96 5.21 * 38
RELAXATION TASK.
Ctxnparisons of mean EMG scores from day to day and fran day 1 to 
day 4, with and witliout feedback, within age groups (A-D).
Mean EMG soores +FB.
DAY 1/2 2/3 3/4 1/4
AGE t t t t
A
Mean EMG soores -FB.
1/2 2/3 3/4 1/4
t t t t df
2.80 0.95 3.62 * 5.30 *
1.79 2.78 0.68 2.71 '
0.67 1.14 1.57 2.55
0.58 1.52 0.38 2.24
1.87 0.47 1.96 2.69
39
2.34 • 0.53 1.52 1.68
38
1.82 1.10 0.72 2.61
37
0.19 0.50 2.27 2.37
38
* All values significant p<0.05.
• Caiparisons of steadiness scores fran day to day and fran day 1 
to day 4, with and witliout feedback, wi thin age groups (A-D).
Mean stead hiess +FB.
DAY 1/2 2/3 3/4 1/4
AGE t t t t
A
D
C
D
Mean steadiness -FB.
2.39 ' 0.66 3.48 * 4.44 *
1.09 2.44 0.42 1.97
1.49 0.54 2.07 4.00
0.86 2.18 0.71 2.53
1/2
t
2/3
t
3/4
t
1/4
t df
0.56 0.25 1.43 2.10
39
1.80 0.13 1.23 0.94
38
1.56 0.90 0.57 2.88
37
0.05 1.85 0.47 2.29
38
* All values significant p<0.05.
SEX DIFFERENCES.
Two-way ANWA's, total fine control scores, age and 
sex.
% OF TIME ON TARGET STEADINESS
Age F=16.470 p=0.000 *
Sex, F= 2.808 p=0.092
'IVo-way F= 0.749 p=0.613
interaction
* Values significant p<0.05.
F=20.46 p=0.000 *
F=3.439 p=0.062
F=0.665 p=0.680
TVo-way ANOVA'S, total relaxation scores, age and 
sex.
AGE SEX Tl\0-WAY
IMfFRACTION
Total EMG F=18.846 * F=6.496 * FM).418
with Feedback p=0.000 p=0.011 p=0.876
Total EMG F=14.029 * F=2.524 F=1.091
minus Feedback p=0.000 p=0.U0 p=0.370
Total standard F=29.235 * F=0.408 F=0.975
deviation + FB p=0.000 p=0.531 p=0.445
Total standard F-12.652 * F-0.687 F=1.081
deviation - FB p=0.000 p=0.413 p=0.377
* Values significant p<0.05.
Comparison between males and females, relaxation task, 
age coded A-D, independent t-tests.
DAY
ADULTS Mean 
+ FB
EMG 2.82 * 2.09 3.11 * 3.39 *
Mean
-FB
EMG 3.13 * 2.46 4.15 * 4.34 *
8-10
YEARS
Mean EMG 
+FB
Mean EMG 
-FB
4-6
YEARS
Mean EMG 
+FB
Mean EMG 
-FB
* All values significant p<0.05
0.46 0.06 0.42 2.75 *
0.03 0.30 0.07 0.12
6-8 Mean EMG 0.78 2.12 0.63 1.50
YEARS + FB
Mean EMG 1.70 0.01 0.83 0.30
-FB
0.53 0.06 0.22 0.68
0.29 0.21 0.11 0.30
df
38
37
38
39
Comparison between males and females, numbers of days 
in which individuals mean EMG levels were significantly 
lower with feedback than without.
NO. OF DAYS SIGNIFICANT,Y 
BETTER +FB THAN -FB.
4-6
YEARS
6 -8
YEARS
8-10
YEARS
MALES
FEMALES
MALES
FEMALES
MALES
FEMALES
15 3 2
9 8 3
(5) Chi square 
} 2.604 
(11) df=l
10 3 7
11 3 5
6 6 7
7 7 5
( 10)
( 8 )
(13)
( 12 )
0.029
df=l
0.000
df=l
6-8
YEARS
MALES 7 4 5 (9)
0.264
FEMALES 7 4 12 (16) df=l
No values of Chi Square significant, p>0.05. 
(critical value = 3.84, df=l, p=0.05)
Sex differences in the adult group: additional results of 
statistical tests.
A) Comparison of mean integrated EMG levels attained in the 
stabilisation period prior to the fine control task in adult 
males and females over 4 days using independent t-tests and 
Dunn's critical values of t for 4 comparisons.
DAY 1 t=2.37 p>0.05
DAY 2 t=2.31 p>0.05
DAY 3 t=2.36 p>0.05
DAY 4 t=2.26 p>0.05
Critical value of t=2.66 for 4 comparisons alpha=0
B) Results of analysis of covariance of day 4 mean integrated 
EMG scores without biofeedback adjusted by day one mean 
integrated EMG scores without biofeedback by sex in the adult 
group D.
[11/36] F=6.05 p=0.02
Therefore sex effect significant p<0.05
Raw data: Mean integrated EMG scores (microvolts) attained in the 
stabilisation period preceeding the fine control task by adult 
females and males (D).
FEMALES
Day 1 2 3 4
4.7 4.7 5.6 5.2
2.9 3.2 3.7 3.5
6.5 6.1 6.1 6.8
4.2 4.4 4.6 3.9
3.0 2.9 3.0 3.0
5.0 4.7 5.2 4.0
2.7 2.0 2.1 1.9
3.0 3.9 3.2 3.3
1.9 1.6 1.7 2.5
2.9 3.0 2.9 3.1
MALES 
1 2  3
4.6
3.4 
1.8
2.4 
3.8
2.6
4.5
4.3 
4.0
1.3
4.5
4.0 
1.8
1.5 
3.7
2.6
4.0
5.1
5.1 
1.3
2.2
2.8
2.4
2.5 
4.3 
2.9 
3.8
5.2
5.2
1.2
3.6
3.5
2 .6
2.4 
3.9 
2.6
3.5
5.4
5.4 
1.2
2.3 1.9 2.3 1.6
3.2 3.2 3.3 3.8
1.6 1.3 1.2 1.5
2.2 2.0 2.4 2.3
3.1 2.5 3.3 3.1
1.8 2.0 1.9 1.7
3.0 2.9 2.8 2.9
1.0 1.2 1.0 1.0
3.2 3.6 3.5 3.8
1.8 1.7 1.9 2.2
2.8 2.8 2.6 2.5
4.5 5.1 3.5 5.6
5.5 5.6 3.7 5.6
2.3 2.0 2.1 2.1
2.0 1.9 1.9 2.4
7.0 8.3 7.6 7.0
2.5 2.3 2.0 2.9
3.5 3.5 3.6 3.6
3.4 3.1 2.6 3.4
3.4 3.1 2.9 2.7
3.8 4.5 3.2 3.9
3.7 3.7 3.7 3.7
1.5 1.5 1.6 1.5
Table to show the results of comparing the stabilisation 
scores (above) of females and males comprising the adult 
group D using independent t-tests.
Day 1 1 2 3 4
t 2.36 2.31 2.37 2.30
p >0.05 >0.05 >0.05 >0.05
no comparisons significant
critical value of t=2.66 (4 comparisons)
APPENDIX 1
RAW DATA
A) Fine control task.
B) Relaxation task.
C) Stabilisation period prior to the fine control task.
D) Spatial ability tasks.
E) Descriptive statistics, raw data and the results of
insignificant statistical tests in the adult control group.
APPENDIX 1
RAW DATA
The codes for the variables are included at the start of each 
section.
Values of 99.9 or 999.9 represent missing data, for example where 
only selected subject were retested after a two-three month break 
in training.
The data for day 5 scores for the fine control and relaxation 
tasks and for the spatial ability tasks is incomplete. It is not 
the full data used in the statistical analyses. Unfortunately, the 
SPSS statistical package was removed from a PDP computer and 
installed on the VAX towards the end of the period of analysis. An 
old, incomplete version of the data file was transferred to the 
VAX and the complete version lost when SPSS files purged from then 
PDP.
RAW DATA FOR THE FINE CONTROL TASK.
KEY TO THE VARIABLES.
TOTl-5 —  % of time on target (accuracy)
SDl-5 — standard deviation (steadiness)
TOTALON total % of time on target for 4 days of training
TOTSD _ total standard deviation for 4 days of training
ORDF — order that the relaxation period with biofeedback
took place: l=before fine control: 2=after fine control
ORDV — order that the spatial ability tasks were performed:
1= before biofeedback tasks: 2=afer biofeedback tasks
HOUR — time of day the biofeedback tasks were performed
TEMP _  room temperature when biofeedback tasks carried out
degrees C.
SEX —  l=male 2=female
RAW DATA FOR THE FINE CONIROL TASK.
AGE GROUP 4 . 5 - 6 . 5  YEARS (CODED A ) (SUB-GROUPS 1 AND 2)
BEX AOE TOT 1 TO 12 TOT3 TO T4 TO!  5 SOI SD2 SD3 SD4 9D5
1 1 22 . 0 3 17 . 3 5 25 . 5 7 60 . 5 7 37 . 8 1 7 . 8 2 12 . 2 0 B . 5 5 4 . 4 2 5 . 0 7
2 1 8 . 8 0 23 . 7 4 33 . 8 0 33 . 0 0 50 . 6 7 18 . 2 0 12 . 6 0 8 . 7 3 8 . 73 5 . 2 0
1 1 27 . 6 8 24 . 7 1 24 . 2 0 33 . 0 0 27 . 0 3 7 . 7 7 8 . 7 5 8 55 7 . 4 5 8 . 6 3
2 1 25 . 5 6 26 . 3 0 17 . 5 4 25 . 2 6 33 . 7 7 5 • 4 5 I I . 2 4 7 . 8 6 11 . 0 6 7 . 6 1
2 1 64 . 0 7 37 . 0 1 61 . 1 4 67 . 0 7 55 . 0 0 2 . 6 7 5 . 5 8 3 . 0 0 3 . 7 8 2 . 6 3
1 1 2? . 0 3 33 . 7 4 24 . 11 33 . 4 3 47 . 1 7 7 . 1 7 5 . 6 6 4 16 4 . 8 7 3 . 11
2 27 . 7 2 21 . 2 7 26 . 71 26 . 71 28 . 5 0 6 . 3 1 4 . 5 2 6 . 2 6 6 . 2 6 5 . 6 6
1 1 t l . 5 2 16 . 41 15 . 8 1 11 . 6 6 12 .BO 11 . 1 4 14 . 1 3 14 . 2 1 10 . 8 4 10 . 6 1
2 10 . 6 5 33 . 7 7 54 . 5 3 72 . 1 2 45 . 0 4 7 . 3 6 6 . 3 7 3 . 8 0 3 . 0 0 4 . 5 2
1 1 23 . 1 0 25 . 6 0 31 . 5 7 25 . 4 1 37 . 7 6 7 . 7 3 7 . 5 0 4 . 3 5 7 . 7 2 4 . 7 4
1 1 33 54 32 87 23 73 33 37 12 . 21 7 16 4 . 6 6 10 . 7 2 6 . 5 8 1 1 . 6 0
I 1 V 62 14 37 25 72 28 41 17 . 4 7 5 . 4 7 5 . 61 4 71 4 . 6 3 4 . 7 5
2 1 21 54 22 66 22 87 27 56 33 . 5 ? 14 . 0 8 7 . 61 7 . 3 7 6 40 6 . 5 7
1 1 11 57 17 76 1? 07 35 4 5 25 . 6 0 7 . 3 6 8 . 3 4 6 . 7 3 7 . 3 7 8 . 8 6
1 00 21 71 21 46 20 12 777 . 77 70 . 0 0 10 . 71 10 . 0 8 8 . 0 7 77 . 7 7
1 6 70 15 71 16 3 7 2 ) 26 777 77 13 . 0 7 7 . 1 3 12 12 8 . 2 7 77 . 7 7
2 1 23 77 0 2 ‘i 28 68 46 00 45 63 6 . 5 3 10 . 4 4 3 08 4 . 3 4 4 . 3 1
2 1 25 11 73 33 35 71 27 I B 777 77 6 . 7 8 B . 7 7 6 72 6 . 7 6 77 . 77
1 1 36 30 37 52 46 14 3? 44 777 77 6 33 4 . 2 7 4 77 4 . 7? 77 77
3 1 n 43 I f 70 21 63 7 84 1 1 66 10 40 10 . 7 3 7 73 7 . 3 8 7 77
1 2 26 00 31 43 37 07 30 47 777 77 6 68 6 77 5 15 5 56 77 77
2 2 17 10 16 01 33 10 27 14 7 7 7 77 7 78 8 62 7 46 7 . 3 3 7? 77
1 2 37 30 47 8.1 65 36 37 53 777 77 2 77 3 . 0 7 4 13 4 26 77 77
2 2 00 10 63 43 46 04 74 777 77 00 3 25 4 80 4 11 77 77
2 2 7 00 I 2 45 5 47 25 78 777 77 11 41 7 68 0 48 6 46 77 77
2 2 16 20 8 70 16 07 41 50 777 77 10 73 7 07 12 32 6 74 77 7?
2 2 24 24 27 63 27 67 5 2 . 30 77 7 77 10 36 7 02 6 52 5 78 7? 77
;» 2 2 7 . 65 30 23 3 6 . 62 5 4 . 52 777 77 5 86 5 01 4 66 3 71 77 77
2 2 1 6 . 85 17 57 3 4 . 34 3 7 . I B 7 7 7 . 77 10 76 11 24 6 . 75 7 78 77 77
1 2 3 4 . 40 5 4 . 16 5 7 . 77 5 7 . 74 7 7 7 , 77 5 37 3 54 3 . 47 3 02 77 77
1 2 1 3 . 60 1 3 . 10 21 37 41 00 7 7 7 . 77 4 31 4 16 3 . 77 3 21 77 77
t 2 1 5 . 11 27 01 1 3 . 62 1 7 . 47 7 7 7 . 77 8 30 5 70 1 2 . 27 6 42 7 7 . 77
t 2 31 78 3 5 . 58 4 2 . 21 5 8 . 03 7 7 7 . 77 7 10 5 67 5 . 20 3 85 7 7 . 7?
2 2 3 . 41 4 6 60 4 6 . 13 4 0 . 77 7 7 7 . 77 4 73 4 66 6 . 14 5 10 7 7 . 77
2 3 5 . 45 3 7 . 30 31 1? 3 5 , 71 7 9 7 . 77 7 53 6 26 5 . 87 5 54 7 7 . 77
2 2 27 06 29 76 57 41 4 0 . 71 7 7 7 . 77 7 . 16 8 . 10 4 . 56 4 66 7 7 . 77
1 2 1 4 . 80 2 7 . 61 2 6 . 67 2 7 . 08 777 77 0 77 8 15 6 . 13 6 66 7 7 . 77
2 2 2 8 . 37 4 6 . 36 5 8 . 14 3 7 . 75 7 7 7 . 77 6 . 04 4. 21 4 . 23 4 . 27 7 7 . 77
1 2 2 6 . 45 4 2 . 04 6 7 . 20 4 B . 67 7 7 7 . 77 5 . 63 4 . 00 4 . 22 5 11 7 7 . 77
2 2 2 1 . 84 2 8 . 36 3 0 . 48 4 1 . 48 2 8 . 73 S. 40 3 . 41 3 . 58 2 . 75 5 . 17
TOTALOH ' TOTSD ORDF UUDV HOUR 1EHP
127 . 5 4 32 . 7 7 1 2 14 . 4 5 62
100 . 4 2 40 . 2 6 1 1 11 . 0 0 61
10? . 6 7 32 . 7 2 1 2 1 1 . 3 0 61
74 . 6 6 35 . 61 1 1 14 . 1 5 62
734 . 1 4 15 . 3 1 1 1 13 . 4 0 62
120 . 51 81 .110 1 2 11 . 0 0 62
10 7 . 01 23 . 3 5 1 1 14 . 3 0 62
55 . 4 0 50 . 3 2 2 14 . 4 5 62
177 . 0 7 21 . 3 3 1 1 13 . 4 5 62
105 . 7 8 27 . 3 0 1 ? 14 . 0 0 62
125 . 5 3 2? 12 1 13 . 4 5 65
78 . 3 2 20 . 4 2 1 2 H . 0 0 65
76 . 6 3 37 . 5 6 1 1 11 . 3 0 64
84 05 27 02 2 1 10 . 0 0 66
71 2? 1? 00 2 2 10 . 3 0 66
62 24 42 . 6 3 2 1 13 45 66
107 52 25 17 2 2 14 . 0 0 66
113 63 2? 43 2 1 1 1 15 64
161 40 20 38 2 2 10 20 66
55 60 40 44 1 1 10 20 65
124 7? 2 -I 38 2 1 10 00 65
77 35 31 37 • 2 2 11 30 66
170 01 14 25 2 1 1 1 15 66
13B 83 12 16 2 2 14 00 67
50 70 34 03 2 2 1 1 . 15 60
83 47 3? on 2 1 10 15 60
133 06 32 10 2 2 1 0 . 30 68
1 5 1 . 02 1 7 . 27 2 1 1 1 . 00 68
1 0 7 . 74 3 6 . 93 1 1 1 3 . 15 66
2 0 6 . 35 1 5 . 40 2 1 1 0 . 30 61
8 7 . 87 1 5 . 45 1 2 1 1 . 30 60
7 7 . 23 3 2 . 87 2 1 1 3 . 15 66
1 6 8 . 60 21 04 1 2 1 0 . 20 6B
1 5 6 . 77 2 0 . 71 2 1 1 0 . 00 68
1 3 7 . 65 2 5 . 20 1 2 10 . 30 70
1 5 7 . 17 2 4 . 40 1 1 1 0 . 00 70
1 0 0 . 10 7 7 . 73 2 1 1 4 . 30 72
171 02 1 8 . 75 1 1 1 1 . 15 68
1 8 4 . 36 1 7 . 76 2 2 1 0 . 30 65
1 3 0 . 16 1 5 . 14 2 2 1 0 . 15 66
AGE GROUP 6.6-8.5 YEARS (CODED B) (SUB-GROUPS 3 AND 4)
BEX M E T O l l t  o r 2 1013 TO! 4 1 0 1 5 SOI Bt<2 6 8 3 B84 b u s TOTALUM TOTSD ORDF OR8V HOUR TEHP
1 3 17 . 0 1 23 . 4 U 25 . 0 4 33 . 3 7 77? . 7 7 8 . I I I 1 . 7 7 4 . 2 6 4 . 6 5 77 . 7? 7 7 . 7 5 22 . 6 7 1 1 14 . 3 0 66
2 3 30 . 4 7 33 . 6 7 41 . ° 0 3n . 0 5 797 . 7 7 7 . 3 3 6 . 3 2 5 . 5 4 . 6 . 6 0 77 . 7 9 1 1 7 . 0 ? 25 . 7 7 1 2 13 . 0 0 66
2 3 27 . 8 2 21 . 6 2 3 I . 3 0 23 . 1 5 77? . 7 ? 4 . 75 3 . 1 3 6 . 3 ? 4 . 8 3 77 . 7 7 1 0 3 . 0 7 21 . 1 0 1 1 10 . 0 0 67
1 3 2 7 . 0  2 30 . 2 6 76 . 3 5 27 . 5 0 77? . 7 ? 7 . 2 ? 6 . 0 6 5 . 1 3 6 . 7 3 77 . 7 ? 1 1 6 . 2 1 25 . 5 3 1 10 . 3 0 67
1 3 20 . 74 50 . US 43 . 0 0 62 . 0 2 777 . 7? 5 . 0 1 4 . 1 7 4 . 3 0 2 . 5 3 7? . 7 7 1 7 3 . 4 1 16 . 0 ? 1 11 . 1 5 67
3 17 . 7 7 12 . 43 27 . 0 ? 4 2 . 3 3 77? . 7 7 7 . 40 7 . 6 0 5 . 0 0 6 .  40 77 . 7 7 1 0 0 . 4 3 27 . 2 0 1 11 30 70
1 3 7 . ? ? 23 . 6 0 3 J . 14 41 . 0 4 77? . 9 9 7 . 6 7 7 .BO 7 . 7 1 8 . 0 6 7? . 7 ? 1 1 1 . 5 7 33 . 4 6 1 1 13 45 70
1 3 8 . 7 7 10 • 23 58 . 76 33 . 7 0 77 7 . 7 7 J . 3 7 2 . 4 1 2 . 0 2 1 . 7 0 7? . 7 7 1 1 1 . 4 0 7 73 1 1 4 00 70
1 3 41 . 2 4 2V . 1 2 16 . 0 0 20 . 7 0 779 . 7 7 5 . 5 8 6 . 3 1 5 . 7 0 2 . 1 5 7? . 7 7 1 1 5 . 7 4 19 . 7 7 1 1 1 4 30 70
3 71 . 6 0 28 • 74 20 . 71 31 . 1 2 777 . 7 ? 6 . 7 0 6 . 0 2 6 . 4 2 6 . 2 1 77 . 7 7 1 0 1 . 6 7 26 35 1 1 4 45 72
2 3 17 . 1 4 26 . 70 55 . 71 35 . 2 3 77? . 7 ? 10 . 1 2 8 . 1 0 5 . 5 1 5 . 7 6 97 . 9 9 1 3 5 . 0 8 27 47 2 1 1 3 45 6 6
3 26 . 3 3 31 3 1 24 3? 53 70 97 7 9? 5 6? 3 15 3 . 6 0 3 .  23 7? 7? 1 3 3 . 4 1 17 . 6 7 2 2 H . 0 0 68
3 8 . 6 0 1? 2 J 26 59 2? . 0 6 777 7? 0 01 1 1 16 7 . 1 6 8 . 1 ? 7? 77 0 4 . 2 0 36 . 5 2 2 1 14 . 3 0 6?
2 3 22 . 8 5 33 72 30 64 36 37 77 7 7? 3 31 4 47 3 . 2 6 6 . 3 1 77 7? 1 2 3 . 5 0 21 . 3 0 2 2 14 45 67
1 3 33 . 6 0 27 . 0 3 3? 01 70 . 3 7 777 7? 6 42 3 77 4 . 3 2 1 . 1 0 7 77 1 7 0 . 0 1 20 . 8 1 2 1 13 . 1 3 6?
1 3 16 . 5 ? 35 00 33 23 35 2? 77? 77 6 30 6 53 6 . 1 7 3 . 2 0 77 7? 1 2 0 . 7 9 24 . 4 2 2 14 . 0 0 67
3 12 . 6 0 20 73 26 00 21 33 777 7? 11 63 7 27 6 . 3 7 7 . 1 2 7? 97 B 3 . 7 4 34 . 41 2 1 14 . 3 0 67
2 3 1? . 4 7 72 32 21 53 21 01 797 7? 0 16 6 23 3 . 6 0 7 . 4 7 77 77 8 8 .  13 27 . 5 6 2 2 11 . 4 5 67
r 3 10 13 16 15 26 77 20 70 77? 7? 6 68 7 17 7 . 5 6 6 . 0 0 77 77 7 0 . 2 7 30 . 51 2 1 13 . 4 3 66
i 4 18 43 16 15 26 7? 20 70 77? 77 6 67 7 47 7 . 5 6 6 , 0 0 77 77 7 0 . 2 7 30 . 5 2 2 2 14 00 66
i 4 41 76 43 53 41 53 62 36 777 77 4 42 3 06 3 . 5 6 3 . 0 0 7? 77 1 7 4 . 2 0 14 . 01 2 1 1 1 15 60
i 4 52 62 56 73 6 7 72 0? 05 77? 7? 3 37 3 47 2 . 2 8 2 . 0 1 7? 7? 2 6 6 . 7 2 11 . 7 3 2 2 11 . 3 0 68
i 4 3J 71 36 70 64 32 7 7 . 31 7 9 7 . 77 7 . 20 6 . 03 4 . 8 1 1 . 7 3 7 7 . 7? 2 1 4 . 1 2 J»1 77 2 1 10 15 63  •
i 4 44 71 s o . 00 3 2 . 13 4 4 . 03 7 7 7 . 77 3 . 70 3 . 76 6 . 3 1 4 . 6 3 7 7 . 77 1 7 1 . 1 7 10 00 2 10 30 66
i 1 2 6 . 63 4 3 . 53 6 5 . 73 6 3 . 61 7 7 7 . 7? 6 . 03 5 . 67 4 . 3 0 3 . 4 4 7 7 . 7? 1 7 7 . 5 0 17 40 2 1 I I 30 66
i 4 1 7 . 41 3 5 . 6 7 4 0 . 05 2 8 . 11 7 9 7 . 77 S. 73 5 . 51 4 . 7 1 6 . 1 2 7 7 . 77 1 2 3 . 2 7 ?? 27 1 11 45 66
i 4 3 6 . 28 4 2 . 74 5 0 . 42 6 0 . 00 V 9 7 . 7? 3 . 47 3 . 05 3 . 1 0 2 . 7 1 7 7 . 7? 1 7 0 . 2 4 15 33 2 2 10 30 68
2 4 2 0 . 14 3 4 . 61 3 4 . 53 2 8 . 66 7 7 7 . 7? 6 . 30 4 , 5? 4 . 3 ? 4 . 3 6 7 7 . 77 1 1 7 . 7 1 1? 64 2 1 14 15 66
2 4 2 1 . 72 3 0 . 06 31 . 40 3 2 . 68 7 7 7 . 77 7 . 63 4 . 14 3 . 6 3 4 . 3 0 7 7 . 7? 1 1 5 . 0 6 17, 78 2 2 14 45 66
2 4 3 7  ■25 4 6 . 57 4 7 . 65 7 0 . 13 9 9 7 . 77 3 . 61 3 . 77 3 . 3 0 3 . 2 3 7 7 . 77 2 2 1 . 6 2 1 4 . 16 2 1 1 0 . 15 60
2 4 3 0 . 47 6 2 . 24 6 3 . 76 6 7 . 54 6 6 . 16 5 . SO 2 . 30 3 . 3 7 3 . 1 5 3 . 02 2 2 4 . 0 1 1 4 . 40 1 1 7 . 13 61
2 4 3 3 . 0? 4 0 . 61 4 4 . 43 4 7 . 32 1 2 . 11 4 . 06 3 . 77 4 . 3 3 4 . 0 6 4. 64 1 6 5 . 4 5 1 7 . 24 1 1 4 . 00 64
2 4 3 7 . 11 5 6 . 17 31 . 3? 3!  . 70 2 6 . 33 3 . 13 4 . 52 6 . 7 2 6 . 2 2 6 . 30 1 5 6 . 7 5 2 2 . 77 1 1 1 3 . 45 64
2 4 t o . 73 1 2 . 74 1 1 . 96 11 . 80 7 7 7 . 77 7 . 60 6 . 70 6 . 1 0 5 . 3 0 7 7 . 77 4 7 . 2 3 2 5 . 70 1 1 1 0 . 00 66
2 4 3 4 . 71 24 . 75 4 6 . 73 48 . 02 7 7 7 . 7? 4. 06 4 . 77 3 . BO 3 . 5 1 7 7 . 7? 1 3 4 . 6 1 1 6 . 14 1 1 1 3 . 40 60
2 4 2 1 . 4? 4 9 . t o 3 1 . 50 44 . 5? 7 9 7 . 7? 7 . 77 6 . 04 4 . 7 0 3 . 1 6 7 7 . 77 1 1 7 . 6 0 2 3 . 77 1 1 1 4 . 00 60
1 4 1 7 . 07 5»>. 41 5 2 . 00 6 0 . 13 7 7 7 . 7? 5 . 70 3 . 33 3 . 7 6 3 . 6 1 77 . 7? 1 0 7 . 7 1 1 0 . 82 1 2 1 0 . 00 67
1 4 21 . 77 3 3 . 01 4 2 . I S 3 5 . 67 77 7  . 79 5 . 06 4 . 37 5 . 6 7 5 . 2 3 7 9 . 7? 1 3 2 . 0 0 2 0 . 33 1 2 1 1 . 45 70
1 4 3 6 . 73 7 0 . 66 6 4 . 15 0 6 . 21 7 7 9 , 77 2 . 37 3 . 02 2 . 3 3 2 . 1 3 7 7 . 7? 2 5 7 , 7 5 10 . 65 1 i 1 4 . 30 70
RAW DATA FOR THE FINE CONTROL TASK.
AGE GROUP 8 .6 -10 .7  YEARS (CODED C) (SUB-GROUPS 5 AND 6)
SEX AOE TOT 1 T0T2 T0T3 TOT 4 T0T3 E M 602
1 1 AS . 1 4 All . 72 00 . 0 1 03 . 0 4 78 . 24 3 . 3 5 3 . 64
2 5 14 . 9 3 43 . 3 0 59 . 3 3 71 . 8 8 37 . 6 2 3 . 1 3 2 . 6 9
2 s 3 * . 69 43 . 3 4 38 . 1 4 36 . 0 6 46 . 0 0 7 . 0 7 4 . 9 4
1 5 41 . 1 1 42 . 3 3 76 . 21 70 . 6 0 34 . 5 9 3 . 9 9 3 . 29
2 5 18 . IB 52 .OB 66 . 41 64 . 17 26 . 5 9 8 . 1 8 3 . 6 3
1 S av . 4 0 31 . 6 2 66 . 4 7 42 . 5 3 46 . 6 4 8 . 9 3 9 . 5 8
I S 39 . 7 4 50 .113 40 . 81 47 . 8 2 84 . 91 4 . 6 6 3 . 1 3
! 3 1A . 8 8 23 . 0 8 3 2 . 1 t 30 . 61 18 . 3 4 7 . 1 0 8 . 83
2 5 33 . 9 8 34 . 6 5 55 . 73 66 . 4 7 38 . 7 2 7 . 3 3 6 . 16
2 3 11 . 6 6 20 .0(1 29 . 70 30 . 91 30 . 09 11 . 0 2 8 . 0 3
1 3 37 . 31 61 . 7 0 49 . 4 3 30 . 6 1 78 . 3 3 3 . 8 7 3 . 5 3
1 5 35 . 9 7 30, . 74 64 . 9 9 71 . 7 9 83 . 1 0 6 . 8 3 3 . 9 0
2 3 21 . 0 3 21 . 19 23 . 74 30 . 2 0 38 . 4 2 3 . 5 7 4 . 5 4
2 3 16 . 86 22 , . 37 43, . 7B 58 . 6 0 32 . 56 5 . 9 0 6 . 45
1 5 21 . 3 7 45, . 0 0 52, . 0 0 45 . 6 8 71 . 2 5 10 . 3 9 3 . 3 8
I 5 11. . 35 21 ,, 70 30 , ,31 30, , 0 7 32 , 7 3 10 . 7 2 5 . 9 8
1 3 2 A i, 73 5 0 , , 72 42, ,71 46, . 4 3 52, . 4 3 5 . 2 2 3 . 6 3
1 5 2 3 1, 70 2 3 , , 2 0 16, , 23 20, . 3 9 999 , . 99 6 .01 3, . 3 9
1 6 sn, , 23 5 5 , , 03 107 . , 10 93, . 83 999 , , 9? 2, , 2 5 2, , 1 9
1 6 4 A i, 77 3 2 , , 30 4 7 , ,41 82 , . 2 0 999 , . 99 3, . 97 3, , 74
1 6 2 7 . , 76 3 4 . 21 31 ,,81 31 ,, 56 999 , , 99 5, , 6 0 4 , 5 9
1 6 2 0 , ,71 40 , , 90 3 2 . 27 45 , ,91 99 9 , , 99 6, , 70 5, , 24
1 A 3 A ■44 41 . 07 61 , 31 0 7 , ,11 9 9 9 . ,99 4. , 53 4, , 63
1 A I S . 93 2 0 . 63 3 0 . 41 40, ,36 9 9 9 , 99 4, 77 4 . 03
2 6 2 2 . 22 4 5 . 19 9 7 . 00 43 , 43 9 9 9 . 99 6 . 14 4. 13
2 6 4 7 . 42 71 . 64 7 5 . 06 9 3 . 03 9 9 9 . 99 3 . 89 2 . 73
2 6 1 0 . 68 2 4 . 70 2 9 . 15 2 9 . 74 9 9 9 . 99 5 . 40 5 . 26
2 6 2 2 . 06 3 7 . 44 41 . 41 4 3 . 57 9 9 9 . 99 4 . 02 5 . 81
2 A 21 . 94 2 4 . 04 4 3 . 09 5 4 . 56 9 9 9 . 99 6 . 21 6 . 91
2 A 2 A . 06 2 6 . 47 2 6 . 42 6 0 . •19 999  i 99 3 . 05 S. 10
2 ' A 5 2 . 33 6 0 . 22 5 0 . 95 5 4 . 26 9 9 9 . 99 3 . 54 3 . 67
2 A 1 4 . 33 19 . 76 1 7 . 46 3 3 . 04 9 9 9 . 99 6 . 47 8 . 21
2 A 2 7 . 4 9 5 7 . 60 4 7 . 49 6 3 . 3 6 9 9 9 . 99 3 . 07 3 . 34
2 A 2 9 . 04 3 8 . 71 4 3 . 08 3 6 . 9B 9 9 9 . 99 4 . 02 3 . 53
2 A 11 .25 . 2 5 . 15 2 3 . 58 4 2 . 93 9 9 9 . 99 7 . 55 9 . DO
2 A 4 5 . 16 AO. 2 *> 6 0 . 38 6 9 . 76 999  . 99 4 . 87 J . 40
1 A 6 3 .42 6 4 . 13 9 4 . 51 1 1 7 . 26 6 4 . 77 2 . 45 3 . 31
1 A 3 7 . 70 7 0 . 40 7 3 . 26 9 0 . 43 9 4 . 06 5 . 23 3 . 53
603 SD4 b u s TOTALtIH TOTSD ORDF ORDV h o u r TEHP
3 . 21 3 . 0 5 3 . 13 296 . 91 i 3 . 23 1 1 1 1 . 0 0 66
2 . 7 2 2 . 7 7 2 . 9 4 189 . 46 1 1 . 31 1 2 1 1 . 3 0 67
4 . 6 5 5 . 16 4 . 1 9 152 . 2 3 22 . 0 2 1 1 10 . 0 0 61
2 . 6 4 2 . 6 9 2 . 9 2 230 . 2 5 12 . 6 1 1 2 10 . 3 0 61
2 . 3 0 3 . 11 6 . 4 5 200 . 04 17 . 3 2 1 10 . 4 5 61
4 . 0 7 6 . 0 7 5 . 2 3 170 . 0 4 20 . 65 1 2 11 . 1 5 61
4 . 1 9 3 . 61 2 . 77 107 . 2 0 17 . 5 9 2 2 I t . 3 0 66
7 . 4 6 7 . 0 3 B . 61 103 . 4 8 30 . 4 2 1 1 14 . 2 0 66
3 . 0 9 3 . 0 7 3 . 6 9 190 . 0 3 20 . 6 5 2 2 15 . 0 0 6 i
7 . 0 6 7 . 6 2 7 . 9 3 100 . 43 34 . 5 3 2 1 1 1 . 1 0 67
4 . 3 6 7 . 9 3 3 . 01 107 . 0 7 19 . 9 3 2 2 1 1 . 2 5 67
4 . 3 9 3 . 7 0 4 . 1 0 223 . 4 9 22 . 0 4 2 2 14 . 3 0 69
3 . 1 4 3 . 3 3 2 . 0 9 96 . 1 6 16 . 5 8 2 1 13 . 4 3 68
6 . 0 8 3 . 7 4 4 60 141 . 61 72 . 1 7 2 2 14 . 0 0 69
3 . 1 9 1 , 9 4 2 89 165 01 10 , 9 0 2 1 14 . 3 0 69
6 . 0 6 3 . 96 7 11 93 43 70 . 7 2 2 2 1 4 . 4 5 69
3 56 2 . 48 3 04 166 61 14 89 1 2 10 . 3 0 62
5 .OB 4 . 1 7 99 99 92 60 21 45 1 1 1 1 . 0 0 66
1 75 2 . 14 99 99 314 19 0 33 1 2 11 . 3 0 68
3 43 2 46 99 99 208 60 13 60 1 2 1 1 45 72
3 66 4 32 99 99 125 34 10 17 1 1 14 30 70
5 10 2 69 99 99 139 79 19 73 1 2 14 45 70
3 45 2 77 99 99 225 93 IS 38  . 2 2 1 4 50 66
5 03 3 20 99 99 113 33 1 7 . 11 2 2 14 00 68
2 97 2 02 99 99 2 0 7 . B1 1 6 . 06 1 1 11 15 68
3 10 2 14 9 9 . 99 2 0 9 . 95 11 . 96 1 1 13 40 69
5 43 4. 98 9 9 . 99 9 4 . 27 21 07 1 2 1 4 . 00 69
6 . 44 3 . 90 9 9 . 99 1 4 5 . 30 22 25 1 1 1 4 . 30 69
3 . 13 5 1 4 9 9 . 99 1 4 3 . 63 2 3 . 41 1 2 1 4 . 45 69
4. 25 3 . 13 9 9 . 99 1 3 9 . 14 1 7 . 53 1 1 11 30 71
3 . 14 2 66 9 9 . 99 2 3 3 . 76 1 3 . 01 1 1 1 3 . 45 69
6 . 00 4 . 73 9 9 . 99 04 . 59 2 6 . 29 1 2 14 . 00 70
3. 03 2 . 17 9 9 . 99 1 9 6 . 14 1 1 . 63 2 1 1 3 . 45 69
3 . 10 3 . 13 9 9 . 99 1 4 0 . 61 1 3 . 78 2 1 1 4 . 30 66
7. 11 5 . 50 9 9 . 99 1 0 2 . 91 3 0 . 04 2 2 1 4 . 00 72
3 . 11 2 . 29 9 9 . 99 2 3 3 . 52 1 3 . 67 2 I 1 3 . 45 72
2 . 30 2 . 15 2 . 41 341 . 32 1 0 . 21 1 1 • 00 0
2 . 71 2 . 89 2 . 30 2 7 9 . 79 1 4 . 38 1 1 . 00 0
AGE GROUP 18 YEARS + (CODED D AND 7)
SEX AGE TO 11 T0T2 T0T3 T0T4 1 01 5 601 6 0 2 SD3 EP4 SP3 TOTALUM t o r s o ORiiF ORDV HOUR TEHP
1 7 74 . 1 5 74 . 8 1 62 . 4 6 90 . 9 6 02 . 5 4 3 . 7 6 2 . 3 3 2 . 1 5 2 . 1 1 2 . 0 0 304 . 3 0 10 . 3 5 1 1 15 . 0 0 61
2 7 51 . 3 0 51 . 3 0 75 . 6 9 56 . 0 4 83 . 7 5 4 . 1 2 4 . 3 2 . 0 8 1 . 9 0 3 . 2 5 235 . 1 3 12 . 6 2 t 2 1 5 . 0 0 62
2 7 30 . 2 2 20 . 72 55 . 2 2 21 . 5 9 41 . 6 0 4 . 9 5 3 . 0 6 2 . 9 5 3 . 2 8 3 . 5 2 127 . 75 15 . 0 1 1 2 16 30 62
2 7 I t . 9 9 62 . 0 2 4 6 . 3 2 74 . 3 3 46 . 0 6 6 . 51 4 . 5 5 3 . 6 9 3 . 1 1 3 . 7 7 194 . 6 6 17 . 8 6 2 15 13 62
2 7 41 . I S 72 36 86 . 2 9 101 . 7 3 70 . 0 2 4 . 0 2 3 . 7 9 2 . 3 1 2 . 1 7 2 . 41 301 . 53 12 . 2 9 1 14 45 62
2 7 41 49 79 . 3 2 01 . 0 2 84 . 7 2 52 . 5 5 6 . 0 7 1 . 8 3 2 . 73 . 4 7 2 . 6 0 286 . 5 5 13 . 1 0 t 1 16 . 0 0 62
2 7 43 . 7 3 65 .21 96 . 6 2 97 . 1 7 56 . 69 2 . 1 9 1 . 8 4 2 . 4 9 . 9 4 2 . 3 2 3 0 2 . 7 3 8 . 4 6 1 1 9 . 4 5 64
2 7 40 . 6 3 07 . 6 2 86 . 2 3 06 . 5 7 59 . 8 8 4 . 3 6 1 . 7 6 2 . 1 8 2 . 6 7 n . 41 301 . 0 3 10 . 9 7 1 2 10 . 0 0 64
1 7 26 . 5 5 64 . 0 4 69 . 9 0 49 . 9 8 44 . 2 3 4 15 2 . 34 7 . 7 4 2 . 4 6 2 . 0 5 210 . 4 7 11 . 0 9 1 15 . 0 0 63
2 7 01 . 3 5 96 . 6 0 101 42 OS . 66 54 . 55 2 . 1 4 3 . 01 1 . 9 8 . 6 3 2 . 34 3 6 3 . 0 3 0 76 1 1 16 . 3 0 63
2 7 36 . 6 3 40 . 2 6 54 . 2 9 41 . 26 23 . 1 4 4 . 2 0 3 . 8 3 3 . 1 7 2 . 6 3 3 . 2 3 172 . 4 1 13 . 0 3 1 1 9 . 3 0 63
2 7 6 . 6 9 12 . 3 2 32 . 8 0 28 . 21 11 . 7 7 6 . 7 3 7 . 8 2 6 76 6 . 7 9 7 . 0 9 80 . 0 2 21) . 1 0 1 2 10 . 0 0 64
2 7 99 . 8 9 88 . 5 0 98 90 03 . 91 90 . 3 7 2 . 5 2 2 . 7 5 2 . 0 9 2 . 6 5 1 . 9 3 371 . 2 0 10 . 01 1 0 12 . 0 0 64
1 7 5? . 1 6 62 . 3 7 03 . 3 4 93 . 4 7 94 . 0 7 2 73 2 . 6 7 2 . 73 2 . 2 2 j . 24 291 . 3 4 10 . 3 3 I 0 14 43 64
2 7 81 . U6 7 3 . 1 0 104 . 7 9 106 . 3 9 999 . 9 9 2 . 3 9 4 . 51 2 . 31 2 . 2 7 99 . 9 9 36 6 . 1 4 11 . 5 0 0 12 15 66
7 7 20 79 60 7 4 53 79 67 . 1 2 74 . 8 8 6 20 4 • 2 4 3 . 6 5 3 12 3 . 3 0 20 2 . 4 1 17 . 21 1 0 15 . 0 0 64
1 7 57 69 75 0 6 91 51 91 00 74 40 2 . 51 1 . 6 9 1 . 91 1 90 2 . 2 4 315 . 2 6 8 01 1 0 16 00 64
2 7 7 91 SO 44 37 74 74 35 46 30 6 62 3 . 3 7 2 62 3 . 1 9 3 21 170 . 4 4 16 00 1 2 13 40 62
2 7 11 64 26 96 34 50 45 70 37 25 5 06 4 . 7 3 4 13 3 79 4 51 118 96 10 53 1 1 13 13 61
1 7 47 74 30 60 32 21 26 08 999 99 2 98 n 44 2 79 *> 25 99 99 156 63 10 46 2 0 12 30 66
1 7 31 25 75 70 05 3 J 71 21 999 99 2 23 2 23 2 04 2 90 99 99 263 49 9 42 1 2 16 30 66
1 7 35 7 7 89 27 01 61 91 95 999 99 2 91 2 22 2 11 2 09 99 99 298 60 9 33 1 0 12 20 67
2 7 42 3 3 67 56 77 57 91 32 999 99 4 23 6 41 3 78 3 23 99 99 27 8 78 17 65 2 0 13 00 67
2 7 62 87 60 21 09 90 74 29 999 99 3 21 2 74 2 81 2 02 99 99 207 27 11 . 58 2 0 11 15 67
1 7 44 71 82 60 7 4 . IB 68 58 999 99 3 26 2 97 3 21 3 07 99 99 270 07 14 . 51 2 0 13 00 68
2 7 4 9 . 75 51 92 5 7 . 73 61 07 999 99 3 06 2 63 3 34 3 04 9 9 99 220 47 12. 07 2 0 13 20 68
2 7 51 01 50 28 S3 . 43 71 43 979 9 9 3 9 9 2 62 4. 79 2 56 9 9 99 2 26 15 13. 96 2 0 17 00 67
1 7 4 0 . 72 25 72 5 5 . 62 64 9 1 9 9 9 . 9 9 4 . 94 4 . 93 2 . 91 2 3 3 9 9 , 9 9 186 47 15 . 11 n  . 1 10 13 65
1 7 5 7 . 11 60 9 7 5 7 . 23 5 9 . 03 9 9 9 . 9 9 3 . 46 2 94 3 . 22 2 . 33 9 9 . 9 9 2 3 4 . 34 11 95 2 0 11 00 66
2 7 1 4 . (!8 4 0 . 40 3  4 80 6 5 . 15 9 9 9 9 9 1 2 . 69 S. 19 4 . 51 3 . 14 9 9 . 99 163 23 2 5 . 53 2 0 1 1 30 66
1 7 7 0 . 55 7 0 . 04 6 8 . 46 7 2 . 69 9 9 9 . 9 9 4 . 7 7 3 . 61 3 . 02 3 . 52 9 9 . 9 9 201 74 1 5 . 22 2 1 13 . 30 68
2 7 2 5 . 71 2 5 . 64 1 7 . 63 5 2 . 78 9 7 9 . 9 9 4 . 1 1 3 . 12 4 . 71 3 . 30 9 9 . 9 9 121 76 1 7 . 62 2 2 1 3 . 35 68
2 7 SO 4 3 5 7 . 02 7 4 . 9 9 8 0 . 60 9 9 9 9 9 3 . 40 3 . 9 9 2 . 09 2 . 92 9 9 . 9 9 271 04 1 3 . 28 2 1 9 . 30 64
2 7 3 8 . 72 66 3 0 5 9 . 76 7 3 . 84 9 9 9 . 9 9 3 . 02 2 . 3 7 n  ( 49 2 . 51 9 9 . 9 9 2 3 0 . 67 10. 59 2 2 9 . 4 3 64
1 7 7 0 . 55 7 0 . 04 6 8 . 46 7 2 . 69 9 9 9 . 9 9 4 . 27 3 . 61 3 . 82 3 . 52 9 9 . 9 9 201 74 1 5 . 22 2 2 1 4 . 00 66
1 7 1 6 . 9 9 1 9 . 4 4 1 9 . 85 2 9 . 32 9 9 9 . 9 9 5 . 70 3 . 13 4 . 02 4 . 66 9 9 . 9 9 8 5 . 60 2 0 . 31 2 2 1 4 . 00 72
1 7 4 6 , 73 7 6 . 27 6 7 . 3 3 5 2 . 59 9 9 9 . 99 2 . 71 1. 92 2 . 20 2 . 06 9 9 . 9 9 2 4 2 . 92 8 . 89 2 1 1 3 . 43 72
1 7 3 5 . 43 5U . 4 0 4 4 . ID 3 6 . 74 9 9 9 . 99 4 . 04 3 . 52 3 . 32 3 . 81 9 9 . 99 1 7 4 . 83 1 4 . 89 1 1 1 1 . 13 72
1 7 3 1 . 50 SO. OS 7 0 . 08 6 4 . 39 9 9 9 . 9 9 2 . 93 3 . 33 2 . 34 2 . 09 9 9 . 99 2 3 3 . 62 1 0 . 71 2 2 1 4 . 15 72
NUMBER OF CASES READ - 156 HUIil'ER UF CASES LIS1ED - ISA
RAW DATA FOR THE RELAXATION TASK
KEY TO THE VARIABLES.
FBKl-5 Mean integrated EMG scores with biofeedback days 1-5
MFBl-5 Mean integrated EMG scores with biofeedback days 1-5
SDWl-5 Standard deviation with biofeedback days 1-5
SDN1-5 Standard deviation without biofeedback days 1-5
TOTFBK Total mean integrated EMG scores with biofeedback 4 days
TOTNFB Total mean integrated EMG scores without biofeedback 4
days
TOTSDW Total standard deviation with biofeedback 4 days
TOTSDN Total standard deviation without biofeedback 4 days
ORDF order that the relaxation period with biofeedback
took place: l=before fine control: 2=after fine control
ORDV order that the spatial ability tasks were performed:
1= before biofeedback tasks: 2=afer biofeedback tasks
HOUR time of day the biofeedback tasks were performed
TEMP room temperature when biofeedback tasks carried out
degrees C.
SEX l=male 2=female
RAW DATA FOR THE RELAXATION TASK
AGE crcmiP 4 . 5 - 6 . 5  YEARS (CODED A n=4fH (SUB-GROUPS lJU T O _ iI
J E S E X F B K 1 T P K 2 F P K 3 F P K 4 F P K 5
1 1 1 0 . 5 6 1 3 . 1 1 0 . 2 7 3 . 6 4 3 . 6 8
1 2 9 . 2 7 1 2 . 6 7 1 1 . 1 5 9 , 6 7 6 . 6 0
1 1 1 0 . 6 0 1 0 . 7 6 0 . 8 9 7 . 4 7 5 . 2 ?
1 2 7 . 6 9 10.86 8 . 3 3 1 0 . 2 7 7 . 7 0
1 2 7 . 1 4 8 . 6 0 9 . 2 ? 7 . 0 5 6 . 0 ?
1 1 8 . 4 5 6 . 6 5 5 . 0 5 5 . 4 4 3 . 0 2
1 2 4 . 2 2 6 . 7 6 5 . 4 0 6 . 6 2 5 . 2 7
1 1 9 . 0 6 7 . 6 1 9 . 3 2 4 . 4 3 3 . 9 ?
I 2 1 3 . 1 7 7 . 1 1 4 . 7 2 4 . 0 1 4 . 4 6
1 1 9 . 4 4 4 . 7 ? 4 . 9 8 5 . 1 7 4 . 3 7
1 1 4 . 9 ? 5 . 4 6 4 . 5 1 5 . 4 8 3 . 5 2
1 1 4 . 9 3 2.66 2 . 0 3 3 . 1 2 2 . 8 ?
1 2 1 3 . 1 0 9 . 6 6 6 . 6 4 5 . 2 1 3 . 3 7
1 1 4 . 0 0 3 . 7 6 4 . 9 2 3 . 5 7 4 . 0 1
1 1 7 . 0 0 5 . 2 4 5 . 9 5 3 . 7 3 2 . 7 2
1 1 1 1  . 5 5 1 2 . 3 9 1 4 . 6 0 7 . 4 ? 9 9 . 9 ?
1 2 1 0 . 2 5 6.12 4 . 4 7 3 . 5 0 4 . 1 ?
1 2 4 . 0 6 3 . 1 7 3 . 3 7 2 . 6 1 9 9 . 9 ?
1 1 7 . 0 6 4 . 6 5 6 . 1? 4 . 6 7 9 9 . 9 ?
1 2 1 1 . 3 2 9 . 2 0 5 . 5 9 6 . 1 4 4 . 4 5
2 1 3 . 7 6 3 . 6 2 3  . 3 0 2.01 9 9 . 9 ?
2 2 3 . 0 3 3 . 5 6 3 . 5 4 3 . 3 0 9 9 . 9 9
2 1 6 . 9 2 6 . 6 1 6 . 3 8 4 . 0 ? 9 9 . 1 9
2 2 8 . 5 5 3 . 9 3 5 . 3 2 5 . 2 4 1 9 . 9 9
2 2 7 . 5 0 2 . 7 5 3 . 4 ? 3 . 9 2 1 9 . 9 1
2 2 3 . 8 6 5 . 4 4 4 . 4 3 3 . 2 9 1 1 . 1 1
2 2 1 0 . 6 4 6 . 9 4 6 . 7 0 3 . 6 2 1 1 . 1 1
2 2 7 . 9 1 4 . 4 9 4 . 9 7 3 . 5 6 1 1 , 1 1
2 2 4 . 4 0 3 . 6 0 4 . 5 1 3 . 4 3 1 9 . 1 1
2 1 6 . 0 ? 4 . 1 6 4 . 7 ? 4 . 0 6 9 9 . 1 9
2 1 5 . 7 0 3 . 9 6 3 . 0 5 3 . 6 0 9 9 . 1 9
2 1 4 . 2 3 6 . 2 7 4 . 6 6 5 . 4 3 9 1 . 9 9
2 1 4 . 3 0 4 . 0 2 3 . 0 6 3 . 0 6 1 9 . 1 9
2 1 4 . 5 4 5 . 1 0 6 . 5 6 4 . 2 1 9 9 . 9 9
2 2 2 . 7 1 3 . 0 3 3 . 6 0 3 . 1 3 9 9 , 9 1
2 2 4 . 3 4 2 . 9 3 2 . B S 2.88 9 9 . 1 9
2 1 4 . 3 2 3 . 1 0 3 . 2 9 3 . 5 7 9 9 . 9 1
2 2 4  . 0 0 3 . 1 1 3 . 9 8 3 . 1 4 9 9 . 9 1
2 1 5 . 6 7 4 . 2 6 4 . 0 6 3 . 5 1 9 9 , 9 1
2 2 6 . 5 3 5 . 2 0 9 . 5 0 5 . 5 3 3 . 0 4
I I F P 1 N F B 2 1 I F P 3 1 1 F B 4 I 1 F P 3 B B W 1 S P U 2
7 . , 1 4 7 , , 6 0 7 . ,10 5 , ,66 S . , 4 1 3 , , 1 7 6 ,, 7 2
6 ,, 0 5 3 , , 6 0 4 , ,88 5 , . 4 1 6 ,, 4 4 3 . , 1 4 7 . ,22
10 ,, 3 4 I t . 4 5 12 ., 2 6 8 ,, 7 3 9 , , 3 1 7 . , 5 2 3 , , 9 4
10 ,, 9 ? 8 ,. 2 7 8 ,, 6 1 10 ,, 6 5 9 , , 1? 2 ,, 6 7 4  ,, 2 ?
6 ,, 1 8 11 . O B 6 ,, 7 7 7 ,01 1 3 , , 0 4 3 , , 9 8 3 , , 9 8
12 ,, 6? 7 . 3 3 7 , . 1 7 9 , , 5 ? 11 ., 1 8 7 , , 5 5 2 ,, 9 2
5 , , 9 2 4 .66 6 , 6 4 6 ,, 9 3 7 , ,11 , 5 B 4 , , 7 8
5 , , 2 7 6 . 4 0 5 , , 4 3 4 , . 9 ? 6 ,, 0 8 7 , , 0 ? 3 . 9 3
? ,, 9 5 4 . 4 5 8 ,. 5 8 4 , , 7 3 4 , . 1 7 4 , .00 3 , , 2 8
10 ,, 3 5 5 .  B 2 5 , . 5 5 5 , 2 9 8 ,, 1 4 5 , , 5 8 . 6 2
4  ,, 2 ? 9 . 9 1 7 . 3 0 7 , 5 5 4 . 3 8 2 ,. 6 4 6 i. 5 1
4 , . 1 4 2 . 0 ? 2 , 8 5 2 . 9 1 4 . 5 5 2 , 3 0 , 5 0
? , . 6 5 6 . 0 7 10 .11 8 .00 3 . 0 6 9 , >02 7 , . 4 2
4  ,, 4 7 5 . 4 5 4 . 2 4 3 . 9 4 4 , .66 . 7 8 . 3 5
7 , , 4 7 10 . 8 7 1 3 . 0 5 6 . 7 8 8 . 5 0 2 ,, 4 ? 3 .20
12 ,. 4 2 11 . 3 4 10 . 0 3 11 . 6 1 9 ? . 9 ? 3 , . 6 0 5 , . 0 6
7 , ,00 6 . 9 ? 5 . 4 8 4 . 3 2 10 .00 6 ,. 2 4 1 ,1&  3
3 , ,66 4 . 6 1 3 . 7 8 4 . 1 3 9 ? . 9 ? 2 . 3 0 . 5 2
7 , . 5 7 6 . 0 8 8 . 3 4 3 . 3 4 9 ? , 9 ? 3 , . 9 7 1 ,. 3 4
10 ,. 9 1 5 , > 1 4 11 , 5 4 1 6 . 9 7 6 ,. 0 ? 4 , , 0 9 6 ,, 9 9
4 . 0 4 3 , , 7 5 3 , , 0 7 2 , 66 9 9 . , 9 ? , 9 2 , 4 3
3  ., 6 3 4 , . 0 3 4 , , 3 0 5 , ,20 9 1 . , ? ? 1 . , 2 5 ,01
9 , , 6 1 6 ,, 9 7 6 ,, 5 1 6 ,, 0 5 9 1 , , 9 ? 3 , , 3 5 1 , 21
8 ., 5 0 4 , , 2 4 5 , , 7 4 6 ,, 3 ? 9 1 , , 19 1 ., 9 5 , 5 1
3 0 , , 9 5 4 , ,10 4 , , 7 0 4 , , 3 2 9 9 , , 19 5 , , 0 9 , 4 B
5 , , 5 3 5 , ,21 3 , , 9 3 4 , , 9 0 9 1 , , 19 , 7 1 2 ,, 1 7
0 ,, 3 4 7 , , 2 5 7 , , 3 4 4 , , 4 5 1 1 , , 19 8 ,, 2 7 2 ,, 1 3
7 , , 6 2 6 ,, 6 0 6 ,, 3 4 3 , , 3 1 1 1 , , 99 4 , , 1?
1 ,
, 4 3
6 ,, 4 6 9 , . 3 4 6 , 01 3 , , 3 3 9 9 , , 19 4 , , 5 4 . 0 5
8 ,, 2 6 3 .88 4 , ,66 5 , , 4 3 1 1 , , 91 4 , , 4 7 2 ,, 0 9
• ? ,, 8 ? 4 , > 7 6 3 , , 6 7 4 , , 9 6 9 9 , , 19 1 ,, 7 8 , 4 7
4  ,, 9 0 3 . 7 8 4 , , 0 5 4 , , 4 3 9 9 , , 99 1 ,. 7 4 3 . , 3 4
3 , , 7 1 3 . 6 5 6 ,, 0 8 4 , , 7 3 9 9 , , 99 2 ,. 1 8 2 ,, 5 4
5 , , 9 2 6 . 4 1 9 , , 1 4 3 , , 9 1 9 1 , , 9 9 1 ,. 9 2 3 . , 3 4
3 , , 3 9 3 . 3 2 4  ,. 5 1 4 , , 9 6 19 , , 9 1 , 5 2 1 ,, 4 1
3 , . 7 7 3 . 4 4 3 . 5 6 3 , , 2 ? 99 , 1 9 1 . 7 6 , 4 5
4 , 0? 3 .  4 8 3 . 7 1 3 , , 7 7 99 . 9 9 1 . 8 0 1 , 01
3 . 4 9 4 . 1 3 3 . 0 6 3 , , 8 0 19 , 9 1 2 . 7 4
1
. 7 0
5 . 2 3 5 . 7 1 4 . 7 2 4 , 4 ? 99 . 9 9 3 . 5 4 , 9 0
7 . 5 3 1 3 . 8 ? 10 .11 5 . 0 6 3 . 9 8 2 . 4 2 1 . 7 0
AGE GROUP 6.6-8.5 YEARS (CODED B) (SUB-GROUPS 3 AND 4)
FPK2 FPK3 F D K 4  FPK5 H F P 1 HrP2 HFB3 IIFP4 MFP5 B P W 1 S D W 2
3 . J 1  3 . 6 5  9 9 . 9 9  4 . 4 0  4 . 6 0  4 . 3 4  3 . 4 7  9 9 . 9 9  . 9 8  . 5 3
4 . 6 1  2 . 9 2  9 9 . 9 9  4 . 5 0  4 . 9 6  5 . 6 1  4 . 7 2  9 9 . 9 9  . 6 1  . 4 9
3 . 9 7  4 . 6 3  9 9 . 9 9  6 . 0 0  5 . 0 0  4 . 0 9  6 . 0 0  9 9 . 9 9  2 . 1 9  . 4 0
3 . 0 7  3 . 4 2  9 9 . 9 9  3 . 6 3  3 . 3 0  4 . 0 1  4 . 6 6  9 9 . 9 ?  1 . 5 3  . 4 7
3 . 1 0  2 . 4 0  9 9 . 9 9  3 . 2 5  2 . 9 7  3 . 9 0  2 . 6 4  9 9 . 9 9  . 7 9  . 2 9
3 . 5 4  3 . 0 6  9 9 . 9 9  4 . 9 0  4 . 6 4  4 . 5 6  4 . 0 1  9 9 . 9 ?  1 . 2 4  1 . 9 1
2 . 0 9  1 . 7 2  9 9 . 9 ?  4 . 3 5  3 . 4 9  2 . 7 4  2 . 7 3  9 9 . 9 ?  . 7 9  . 8 7
3 . 1 3  3 . 8 4  9 9 . 9 ?  1 9 . 3 ?  3 . 1 0  3 . 1 3  3 . 2 4  9 9 . 1 9  . 3 0  . 2 1
4 . 5 1  3 . 1 3  9 9 . 9 9  9 . 0 2  9 . 2 6  6.68  1 0 . 1 2  9 9 . 9 9  4 . 7 1  1 . 9 3
2 . 1 6  1 . 4 4  9 9 . 9 ?  3 . 8 7  2 . 7 6  2 . 1 ?  1 . 6 4  9 9 . 9 ?  . 3 4  . 2 6
4 . 3 5  6 . 8 1  9 9 . 9 9  4 . 7 2  5 . 6 7  5 . 1 3  4 . 2 0  9 9 . 9 9  1 . 1 8  4 . 7 0
4 . 3 0  4 . 3 6  9 9 . 9 9  3 . 7 2  7 . 3 4  4 . 5 1  4 . 8 5  9 9 . 9 9  . 7 5  .66
4 . 3 ?  4 . 0 5  9 9 . 9 ?  4 . 4 8  5 . 4 0  4 . 9 1  5 . 3 2  9 9 . 9 ?  1 . 6 6  1 . 9 0
3 . 6 7  2 . 7 8  9 9 . 9 9  3 . 2 4  2 . 5 4  4 . 0 1  3 . 7 4  9 9 . 9 9  . 3 3  1 . 7 6
3 . 2 0  3 . 6 6  9 9 . 9 9  3 . 5 7  3 . 5 0  3 . 5 1  4 . 5 0  9 9 . 1 9  2 . 4 4  , 2 3
2 . 6 0  2 . 3 1  9 9 . 9 9  6 . 7 2  3 . 1 9  3 . 1 8  3 . 1 3  9 9 . 9 9  2 . 6 1  1 . 9 3
4 . I B  3 . 7 6  9 9 . 9 9  6 . 0 0  4 . 3 9  3 . 0 5  4 . 6 3  9 9 . 9 ?  1 . 4 7  7 . 1 0
2 . 3 9  2 . 9 3  9 9 . 9 9  2 . 4 ?  3 . 2 1  2 . 6 3  3 . 0 4  9 9 . 9 9  . 3 1  . 4 7
5 . 1 5  3 . 5 1  9 9 . 9 9  4 . 7 0  5 . 2 0  6 . 4 5  4 . 7 8  9 9 . 9 9  3 . 1 9  2 . 2 8
5 . 7 4  7 . 3 4  9 9 . 9 ?  1 0 . 4 3  9 . 0 2  4 . 9 7  1 0 . 9 1  9 9 . 9 ?  3 . 8 1  3 . 9 0
2 . 5 1  3 . 0 5  9 9 . 9 9  1 1 . 0 0  2 . 0 6  3 . 4 9  5 . 2 7  9 9 . 9 9  . 3 9  . 3 5
2 . 2 ?  2 . 3 1  9 9 . 9 ?  2 . 7 5  2 . 3 6  2 . 4 1  2 . 7 2  9 9 . 9 9  1 . 3 0  . 2 6
3 . 4 5  3 . 7 2  9 9 . 9 ?  3 . 7 4  3 . 8 6  3 . 4 5  5 . 0 1  9 9 . 9 ?  3 . 7 3  1 . 4 3
2 . 7 6  3 . 1 9  9 9 . 1 9  3 . 9 2  4 . 7 7  5 . 5 5  5 . 4 8  9 9 . 9 9  1 . 0 4  . 5 6
2 . 9 0  2 . 9 3  9 9 . 9 9  3 . 7 6  4 . 5 ?  3 . 2 1  3 . 6 1  9 9 . 9 9  4 . 7 3  2 . 1 7
2 . 6 2  2 . 6 4  9 9 . 9 9  1 0 . 8 7  4 . 0 6  3 . 0 1  3 . 2 ?  9 9 . 9 ?  5 . 4 6  2 . 6 5
3 . 1 3  3 . 0 3  9 9 . 9 ?  4 . 5 7  3 . 5 0  3 . 0 2  3 . 5 7  9 9 . 9 ?  2 . 0 1  . 2 ?
2 . 2 1  1 . 6 ?  9 9 . 9 ?  3 . 9 2  2 . 6 ?  2 . 2 8  2 . 6 1  9 9 . 9 9  1 . 5 1  . 9 4
4 . 0 6  0 . 2 1  9 9 . 9 9  6 . 3 5  5 . 1 5  3 . 0 6  9 . 0 6  9 9 . 9 9  . 5 3  1 . 6 3
2 . 3 1  3 . 5 0  9 9 . 9 ?  3 . 1 3  3 . 0 7  3 . 2 5  5 . 0 0  9 9 . 9 ?  . 3 2  . 2 7
6 . 3 3  5 . 1 5  6 . 6 1  5 . 5 7  6 . 0 0  6 . 6 7  6 . 0 8  7 . 0 4  1 . 3 6  3 . 2 3
4 . 6 2  4 . 4 1  4 . 0 3  6 . 2 2  4 . 6 7  4 . 3 6  5 . 5 5  6 . 2 1 . 1 . 1 4  1 . 0 4
2 . 7 7  3 . 3 3  2 . 9 ?  4 . 1 3  4 . 2 ?  8 . 9 7  3 . 5 0  9 4 . 6 5  1 . 4 6  1 . 6 9
1 . 6 0  3 . 0 5  9 9 . 9 9  5 . 3 ?  3 . 1 6  1 . 9 4  4 . 2 ?  9 9 . 9 ?  3 . 4 3  .86
3 . 1 6  3 . 1 6  1 9 . 9 9  4 . 0 5  3 . 1 0  4 . 0 ?  4 . 6 3  9 9 . 9 ?  . 5 6  . 3 8
3 . 0 4  4 . 3 4  9 9 . 9 ?  3 . 0 3  2 . 6 2  5 . 6 ?  4 . 9 ?  9 9 . 9 9  1 . 1 0  . 5 1
3 . 4 1  3 . 1 4  9 9 . 9 9  3 . 3 4  2 . 5 3  4 . 1 0  3 . 1 1  9 9 . 9 9  . 5 3  . 2 7
3 . 1 8  3 . 0 2  9 9 . 9 ?  5 . 2 0  4 . 0 5  3 . 5 0  3 . 6 5  9 1 . 9 9  1 . 1 2  . 7 5
4 . 0 3  3 . 0 0  9 9 . 9 ?  6 , 4 7  5 . 3 4  4 . 4 6  3 . 7 ?  9 9 . 1 9  1 . 0 5  . 0 3
A G E S E X F P K 1
3 1 3  .  5 0 J . 2 3
3 2 3 . 2 4 3 . 7 4
3 2 5 . 5 1 4 . 4 1
3 1 4 . 6 0 2.02
3 1 2 . 0 5 2 . 3 1
3 2 4 . 7 5 4 . 1 0
3 1 2 .  7 3 2 . 9 4
3 I 2 . 8 0 3 . 1 1
3 1 5 . 6 n 3 . 6 2
3 2 2 . 9 5 2 . 5 1
3 2 3 . 7 5 7 . 0 9
3 2 4 . 3 1 6 . 7 ?
3 2 5 . 9 2 5 . 1 0
3 2 3 . 0 ? 2 . 7 2
3 1 3 . 7 7 3 . 1 6
3 1 3 . 6 ? 3 . 1 5
3 2 4 . 6 5 5 . 1 1
3 2 2 . 3 4 3 . 0 3
3 1 6 . 6 4 5 . 4 6
4 1 0 . 5 0 6 . 3 5
4 1 3 . 2 3 2 . 4 ?
4 1 2.68 2.20
4 1 5 . 0 2 4  . 0 7
4 1 3 , 1 6 2 .  B ?
4 1 7 . 9 3 4 . 1 ?
4 1 5 . 8 6 3 . 2 3
4 1 3 . 6 0 2 . 5 3
4 2 3 . 7 6 2 . 9 1
1 2 4 . 5 1 5 . 6 0
4 2 2 . 5 5 2 . 9 1
4 2 7 . 3 9 7 . 9 ?
4 2 5 . 0 7 5 . 0 6
4 2 3 . 5 1 5 . 0 1
4 2 3 . 0 1 3 . 2 ?
4 2 3 . 4 0 3 . 1 3
4 2 3 . 6 3 2 . 2 5
4 1 3 . 3 4 2.68
4 1 3 . 3 9 3 . 6 3
4 1 6 . 0 7 4  . 2 2
S P U 3 S B U 4 S O U S
3 . , 3 8 1 .,01 6 B
6 . , 6 4 7 , ,12 1 . 4 5
4 . , 3 6 3 . , 5 1 3 . 7 1
5 . , 6 0 5 , , 4 6 5 . 5 3
4 , , 1 5 3 , , 4 5 9 2
3 , , 0 3 1 ,. 5 9 ,88
2 ,, 0 9 4 , . 1 5 5 . , 4 0
5 , , 7 0 1 . 0 5 1 ,, 0 6
2 . 2 5 . 9 9 1 ., 1 8
2 ,20 1 . 7 1 1 ,, 4 7
2 . 2 8 3 . 9 0 1 ., 6?
1 , 4 0 . 9 5 , 4 0
2 . 2 7 2 .02 , 5 7
. 9 3 . 3 7 , 7 8
2 , 7 0 . 8 5 , 6 5
5 . 6 0 . 9 6 9 9 . , 19
1 . 8 ? . 3 4 1 ., 79
.66 . 2 5 1 9 , , 19
7 . 3 5 1 .  4 2 19 , , 11
4  ,. 8 2 3 . 4 3 5 , . 7 2
. 4 6 . 4 5 9 9  ,, 9 ?
1 ,, 1 6 1 . 7 0 9 9 , , 9 ?
2 ,, 1 3 . 4 4 9 9 , , 9 ?
1 ,, 9 4 3 .12 91 , , 9 ?
1 ,, 8 1 , 7 2 9 9 . , 99
2 ,, 7 B , 1 7 9 9 . , 91
, 4 5 , 3 7 9 9 . 19
, 5 6 , 3 1 9 9 , 19
6 , 11 , 7 0 1 9 . 19
1 ,, 1? ,86 1 9 . 19
, 4 ? .00 1 9 . 11
, 4 1 i !, 3 ? 1 9 . 99
1 .,00 , 3 6 9 9 . 99
5 , , 2 4 i ,, 5 3 1 9 . 99
2 ,, 6 ? , 9 7 9 9 . 99
1 ,, 3 0 ,86 1 9 . 19
, 8 5 i , , 2 3 1 9 . 11
2 ,, 9 2 . 6 1 1 9 . 91
2 ,, 2 ? i . 7 8 9 9 . ,99
11 , 3 1 i . 5 ? 1 , 00
S P U 3  S O  1 1 4  S P W 5
. 3 7 .  7 8 9 9 . 1 1
. 9 1 . 4 1 9 ? . 1 1
. 5 3 . 5 2 11 . 9 9
. 2 4 . 5 5 19 . 1 9
. 9 0 . 3 2 19 . 9 9
. 4 2 . 2 6 99 . 9 1
. 2 3 . 3 7 19 . 9 9
.  22 .  4 B 19 , 99
2 . 4 2 1 . 0 9 19 . 1 9
. I B . 1 3 19 . 1 1
3 .20 6 . 9 0 99 . 9 9
. 6 4 , 4 7 1 1 , 11
1 ,, 7 1 2 , 20 1 1 . 99
1 , 01 , 7 4 1 1 . 99
, 1 8 , 2 9 9 9 . 99
1 ., 1 7 , 3 3 1 1 . 19
2 ,, 1 5 , 7 3 1 9 . 19
, 3 1 , 0 6 9 9 . 99
4 . , 4 6 ,86 9 1 . 11
4 . , 1? 8 ,, 9 1 1 9 . 91
3 1 , 5 2 1 9 . 91
,20 , 2 B 9 9 . 19
1 ! 1 4 , 6 2 1 9 . 99
4 6 4 6 9 9 . 99
8 3 5 5 9 9 . 99
1 . 12 2 9 9 9 . 99
4 4 9 4 1 9 . 99
21 1 4 1 9 . 19
5 1 7 8 9 1 . 19
2 6 6 3 99 . 19
1 . 6 3 2 . 11 1 . 1?
66 5 6 a 9 ?
4 2 1 . 5 6 1 . 0 4
1 3 88 9 9 . 9 ?
3 7 ,20 9 9 . 9 ?
3 8 1 . , 0 8 9 9 . 19
3 6 3 3 9 9 . 91
4 5 4 5 9 9 . 99
9 6 2 3 9 9 . 19
AGE GROUP 8.6-10.7 YEARS (CODED C n=38) (SUB-GROUPS 5 AND 6)
A G E  B E X  F P K I  F B K 2  F P K 3  F P K 4  F P K 3  H F P 1  H F P 2
■s 1 3 .  13 3 .  /  I 3 . 2 2 3 . 9 7 2 . 9 3 5 . 0 2 4 . 5 7
3 2 5 . 1 6 4 . 1 ? 3 . 0 ? 4 . 3 0 4 . 0 5 4 . 2 3 3 . 2 1
3 2 5 . 0 5 7 . 1 1 6 . 0 1 4 . 6 2 4 . 0 2 6 . 0 8 6 . 7 8
3 1 7 . 4 5 6 . 3 7 4 . 5 4 4 . 3 ? 3 . 1 3 5 . 4 2 5 . 1 4
3 2 3 . 7 2 4 . 3 6 5 . 4 7 3 . 3 0 4 . 1 5 4 . 8 1 5 . 2 5
3 1 4 . 1 2 4 . 4 0 3 . 0 1 4 . 7 6 2 . 5 6 6 . 6 6 5 . 2 6
5 1 3 . 9 7 3 . 5 5 3 . 5 9 3 . 6 0 2 . 0 3 4 . 4 1 3 . 4 5
S 1 4 . 2 0 3 . 4 0 3 . 6 3 3 . 5 7 2 . 5 0 4 . 7 8 4 . 1 3
3 2 4 . 6 4 3 . 0 1 3 . 0 3 4 . 6 5 3 . 9 3 4 . 4 ? 5 . 7 0
S 2 6 . 7 5 4 . 0 0 3 . 6 1 4 . 0 3 3 . 0 1 6 . 8 1 6 . 3 8
S 1 1 0 . 9 7 1 2 . 3 3 6 . 6 9 2 . 6 6 2 . 6 7 1 5 . 4 2 8 . 4 5
3 1 2 . 5 ? 2 . 0 5 3 . 1 0 2 . S B 2 . 2 7 4 . 7 7 4 . 1 1
5 2 4 . 7 0 4 . 4 5 4 . 5 7 3 . 5 ? 3 . 7 7 4 . 9 5 5 . 8 8
3 2 4 . 1 3 4 . 5 2 3 . 2 5 4 . 1 0 3 . 4 0 6 . 7 5 7 . 6 5
3 1 4 . 6 9 7 . 1 1 3 . 2 3 2 . 4 0 2 . 7 6 5 . 7 4 7 . 9 6
3 1 6 . 0 5 3 . 5 7 2 . 9 6 3 . 0 6 2 . 7 5 4 . 7 4 4 . 0 7
3 1 4 . 0 6 4 . 9 7 4 . 2 9 4 . 3 6 3 . 0 7 4 . 8 2 5 . 3 4
3 1 2 . 3 0 2 . 0 4 2 . 6 2 2 . 3 4 9 9 . 9 ? 3 . 0 5 2 . 0 4
6 1 2 . 5 0 2 . 3 2 3 . 0 ? 3 . 0 ? 9 9 . 9 ? 2 . 5 8 2 . 4 5
6 1 2 . 5 4 2 . 1 7 2 . 4 0 2 . 3 0 9 9 .  9 ? 2 . 4 4 2 . 5 4
6 1 3 . 1 1 3 . 7 5 3 . 1 0 3 . 2 0 9 9 . 9 ? 3 . 2 6 3 . 7 7
6 1 2 . 4 3 3 . 6 1 3 . 1 3 2 . 7 5 9 9 . 9 ? 2 . 6 3 3 . 3 7
6 1 2 . 6 ? 2 . 0 4 2 . 7 4 2 . 7 7 9 9 . 9 9 3 . 3 2 3 . 9 7
6 1 3 . 0 4 3 . 3 6 4 . 1 1 3 . 3 6 9 9 . 9 ? 3 . 0 6 4 . 4 0
6 2 4 . 4 3 3 . 4  4 3 . 6 2 3 . 7 9 9 9 . 9 ? 6 . 4 4 3 . 3 1
6 2 3 . 7 2 3 . 2 0 3 . 3 3 3 . 4 3 9 9 . 9 ? 7 . 6 1 3 . 3 0
6 2 4 . 4 5 5 . 0 3 4 . 0 2 4 . 0 4 9 9 . 9 ? 3 . 8 6 4 . 6 7
6 2 2 . 0 0 2 . 6 1 2 . 9 6 3 . 5 2 7 9 . 9 ? 3 . 7 8 3 . 2 3
6 2 7 . 0 0 5 . 3 2 6 . 1 3 6 . 3 2 9 7 . 9 7 5 . 0 2 5 . 3 3
6 2 4 . 4 7 5 . 0 2 4 . 1 6 4 . 1 ? 9 9 . 9 ? 5 . 8 7 5 . 1 8
6 2 3 . 1 ? 2 . 9 3 2 . 6 4 3 . 1 0 9 7 . 9 ? 3 . 4 0 3 . 1 1
6 2 3 . 5 1 3 . 4  7 3 . 5 3 3 . 9 2 9 9 . 9 7 4 . 5 5 3 . 9 5
6 2 2 . 0 4 2 . 7 6 3 . 0 0 2 . 9 0 9 7 . 9 7 3 . 0 0 2 . 9 3
6 2 0 . 3 2 5 .  70 5 . 0 5 5 . 2 3 9 9 . 9 9 8 . 4 4 6 . 1 8
6 2 3 . 0 2 3 . 1 3 3 . 6 6 3 . 9 ? 1 9 . 9 9 3 . 1 ? 3 . 5 5
6 2 4 . 2 3 4 . 7 0 3 . 3 ? 3 . 5 1 1 9 . 9 9 4 . 8 3 4 . 7 9
6 1 6 . 3 2 5 . 0 4 9 . 3 4 4 . 4 0 6 . 0 0 1 2 . 2 5 8 . 3 ?
6 1 4 . 4 1 4 . 3 3 4 . 3 0 3 . 9 5 2 . 0 0 3 . 5 ? 4 . 1 2
N F B 3  H F P 4  H F P 5  B I ' U l  B D U 2  S B U 3  S B U 4  S P M 5
4 . 2 3 5 . 2 0 3 . 5 3 . 4 6 1 . 0 ? . 9 2 . 3 8 . 0 5
3 . 3 3 3 . 6 3 4 . 0 0 . 6 0 . 6 3 . 3 4 . 5 6 . 2 0
5 . 9 7 5 . 3 4 5 . 5 1 . 7 0 1 . 7 2 . 3 6 . 4 1 . 3 ?
5 . 1 3 4 . 3 ? 4 . 1 7 5 . 1 5 . 7 2 . 9 6 . 8 4 . 5 1
5 . 8 6 3 . 5 ? 3 . 9 7 . 5 3 . 1 5 . 4 8 . 2 4 . 3?
5 . 7 3 7 . 5 7 3 . 3 3 1 . 3 5 . 7 6 . 5 7 . 7 8 . 5 0
3 . 4 2 4 . 1 1 3 . 2 7 . 8 6 . 9 2 . 7 0 . 3 2 . 2 ?
3 . 8 6 4 . 7 9 5 . 2 3 1 . 9 5 1 . 8 1 3 . 2 2 1 . 2 6 1 . 3 4
5 . 8 0 7 . 3 2 5 . 9 0 2 . 2 3 . 0 7 . 7 4 . 6 3 . 7 1
6 . 3 2 6 . 2 1 6 . 3 2 1 . 7 6 1 . 3 8 . 3 7 . 5 2 . 6 7
9 . 0 8 5 . 3 0 4 . 3 2 3 . 8 7 6 . 2 7 1 . 8 4 . 0 1 1 . 2 6
3 . 7 0 3 . 5 3 2 . 4 2 1 . 2 8 . 2 2 . 2 5 . 4 5 . 2 7
4 . 4 ? 4 . 3 0 3 . 5 3 . 6 ? . 4 2 . 5 2 . 4 5 . 4 6
3 . 7 4 5 . 2 0 4 . 6 6 1 . 0 4 1 . 6 4 . 41 1 . 21 . 4 ?
2 . 8 5 4 . 3 B 3 . 7 1 2 . 0 2 1 . 2 0 . 3 4 . . 2 8 . 8 3
5 . 0 5 5 . 6 2 4 . 6 3 4 . 6 9 1 . 0 3 . 7 7 . 1 1 . 4 6
5 . 6 5 4 . 5 ? 5 . 0 4 . 6 0 . 7 3 . 6 6 . 4 ? . 5 7
2 . 5 3 2 . 4 2 9 9 . 9 9 . 2 ? . 6 1 . 15 . 1 9 9 9 . 9 ?
2 . 6 8 2 . 8 4 9 9 . 9 ? . 2 1 . 1 5 . 2 3 . 21 9 9 . 9 ?
2 . 6 5 2 . 9 6 9 9 . 9 ? . 2 7 . 2 3 . 2 8 . 2 1 9 9 . 9 ?
2 . 9 3 3 . 1 7 9 9 . 9 ? . 9 5 . 2 1 . 21 . 2 0 9? . 9 ?
3 . 1 7 2 . 7 0 1 9 . 9 1 . 1 8 . 2 2 . 2 5 . 1 ? 9 9 . 9 ?
3 . 9 0  . 3 . 0 0 1 9 . 9 9 . 7 0 . 4 3 . 61 . 6 ? 9 9 . 9 7
5 . 1 4 3 . 6 1 9 9 . 9 9 . 1 4 . 3 6 . 5 1 . 4 5 9 ? . ? ?
3 . 4 1 3 . 6 5 1 1 . 1 1 . 8 6 . 8 8 . 5 8 . 6 5 9 9 . 9 9
3 . 3 6 3 . 9 7 1 9 . 1 9 . 6 5 . 3 3 . 3 9 . 3? 1 1 . 1 1
4 . 4 2 3 . 5 5 9 9 . 9 9 . 4 8 . 7 0 1 . 1 3 . 5 6 1 1 , 1 1
3 . 2 3 3 . 3 0 9 9 . 9 9 . 6 3 . 2 5 . 6 1 . 5 7 1 9 . 1 1
6 . 4 4 5 . 1 6 9 9 . 9 9 1 . 1 5 . 7 0 . 7 5 . 5 4 1 1 , 1 1
4 . 6 5 4 . 4 7 9 9 . 9 9 . 91 1 . 3 ? . 7 1 . 6 2 1 9 , 1 1
2 . 7 5 2 . 7 6 9 9 . 9 9 . 31 . 1 5 . 1 6 . 1 9 9 1 . 1 9
2 . 9 ? 3 . 5 ? 1 9 . 9 9 . 4 7 . 3 3 . 3 5 . 2 4 1 1 . 1 1
3 . 1 0 3 . 5 6 9 9 . 9 9 . 2 8 . 2 5 . 2 5 . 1 5 1 9 . 1 1
5 . 3 3 6 . 0 6 9 9 . 9 9 1 . 3 1 . 9 3 1 . 2 2 . 5 ? 9 1 . 1 1
4 . 3 ? 3 . 4 6 9 9 . 9 9 . 2 ? . 3 8 2 . O B . 6 ? 1 1 . 1 1
5 . 1 0 3 . 7 8 9 9 . 9 9 I  . 2 2 1 . 9 7 . 7 1 . 2 0 9 1 . 1 1
9 . 7 ? 7 . 6 0 4 . 3 5 1 . 1 5 . 6 5 5 . 1 0 . 2 8 1 . 1 4
3 . 0 8 3 . 0 3 3 . 5 ? 2 . 0 4 . 0? . 51 . 2 3 . 1 7
AGE GROUP 18 YEARS + (CODED D AND 7)
A B E  B E X  F P K I  F P I C 2  F P K 3  F B K 4  F P K 5  I I F P 1  M F  P 2
7 1 3 . 9 7 3 . 2 4 3 . 5 7 4 . 0 6 2 . 6 7 4 . 5 0 3 . 0 0
7 2 3 . 6 3 3 . 7 0 4 . 0 2 3 . 2 5 3 . 3 7 5 . 5 5 4 . 2 ?
7 2 3 . 7 1 4 . 9 0 3 . 7 3 4 . 7 ? 3 . 3 7 3 . 5 1 7 . 4 4
7 2 3 . 6 2 2 . 0 0 3 . 2 2 3 . 0 0 2 . 5 ? 3 . 9 6 2 . 7 ?
7 2 2 . 0 3 3 . 1 6 3 . 6 1 3 . 0 ? 2 . 3 4 2 . 7 3 3 . 2 3
7 2 6 . 3 5 4 . 7 0 5 . 8 0 7 . 1 2 6 . 0 8 6 . 3 2 4 . 4 1
7 2 3 . 4 9 3 . 9 ? 3 . 0 ? 2 . 4 ? 2 . 6 7 3 . 7 0 3 . 0 ?
7 2 2 . 9 6 2 . 1 8 2 . 3 8 2 . 5 1 1 . 9 5 3 . 6 1 3 . 4 5
7 1 2 . 4 1 2 . 3 3 2 . 0 3 1 . 9 6 2 . 3 4 3 . 3 B 2 . 5 ?
7 2 3 . 3 ? 3 . 3 7 2 . 1 2 3 . 0 0 2 . 2 9 3 . 3 ? 3 . 1 0
7 2 2 . 2 5 2 . 5 8 1 . 6 2 2 . 9 1 1 . 5 5 2 . 5 2 1 . 8 6
7 2 5 . 3 1 6 . 6 5 5 . 2 8 4 . 5 1 3 . 1 1 3 . 7 8 4 . 2 ?
7 2 2 . 2 4 1 . 3 1 2 . 0 1 2 . 3 5 1 . 9 3 2 . 0 1 1 . 7 1
7 1 2 . 0 0 1 . 8 0 2 . 3 8 1 . 0 5 2 . 1 1 2 . 0 6 1 . 6 ?
7 2 6 . 2 4 4 . 6 7 4 . 7 3 4 . 9 7 9 9 . 9 ? 4 . 9 7 7 . 1 3
7 2 2 . 3 8 3 . 1 4 3 . 4 7 3 . 2 3 4 . 4 9 6 . 8 2 4 . 0 2
7 1 1 . 6 3 1 . 3 3 1 . 2 3 1 . 4 2 . 9 5 1 . 6 4 1 . 6B
7 2 6 . 3 2 5 . 2 0 4 . 5 6 3 . 7 3 2 . 4 7 4 . 4 0 5 . 0 7
7 2 4 . 5 0 4 . 0 7 4 . 3 7 3 . 4 5 2 . 3 9 5 . 7 8 4 . 5 6
7 1 4 . 2 0 3 , 69 2 . 5 ? 3 . 3 1 9 9 . 9 ? 4 . 5 0 4 . 0 1
7 1 2 . 9 2 4 . 3 ? 2 . 6 5 3 . 6 1 9 9 . 9 ? 3 . 0 ? 4 . 3 0
7 1 3 . 9 2 3 . 8 D 3 . 0 4 3 . 0 5 9 9 .  99 4 . 0 5 4 . 6 5
7 2 2 . 6 7 2 . 2 ? 2 . 0 0 1 . 0 3 9 ? .  9? 3 . 0 2 2 . 1 7
7 2 4 . 2 4 3 . 0 8 4 . 1 1 3 . 7 6 1 9 . 1 1 5 . 2 4 4 . 3 5
7 1 2 . 9 3 4 . 7 3 2 . 7 0 2 . 6 6 1 1 . 1 1 3 . 1 ? 4 . 0 7
7 2 3 . 1 3 2 . 0 5 3 . 1 ? 3 . 3 1 1 1 . 1 1 3 . 5 1 3 . 3 7
7 2 3 , 4 4 2 , 0 6 3 . 4 3 3 . 3 ? 9 1 . 1 1 3 . 7 5 5 . 0 8
7 1 1 . 7 8 1 . 9 5 1 . 7 3 1 . 5 6 1 1 . 1 1 1 . 8 3 1 . 9 4
7 1 1 . 3 0 1 . 3 3 1 . 1 3 1 . 2  6 1 1 . 1 1 1 . 4 0 1 . 2 6
7 2 1 . 8 0 1 . 0 6 I . 7 7 2 . 4 7 1 1 . 9 1 2 . 1 0 2 . 5 3
7 1 2 . 4 3 2 . 2 3 1 . 6 5 1 . 7 5 9 9 . 1 9 2 . 5 0 2 . 3 4
7 2 8 . 6 2 7 . 7 9 8 . 5 1 5 . 5 0 1 1 . 1 1 6 . 9 4 0 . 3 2
7 2 3 , 2 5 3 . 6 1 3 . 5 9 3 . 4 ? 1 1 . 1 1 3 . 6 ? 3 . 0 2
7 2 1 . 5 5 1 . 9 8 1 . 6 5 1 . 7 0 1 9 , 1 1 3 . 5 7 3 . 3 8
7 1 2 . 4 3 2 . 2 3 1 . 6 5 1 . 7 5 1 1 , 1 1 2 . 5 0 2 . 3 4
7 1 3 . 2 7 3 . 0 4 3 . 2 2 2 . 9 5 1 9 . 9 9 3 . 2 9 3 . 3 3
7 1 2 . 6 1 2 . 6 5 3 . 1 0 2 . 5 7 1 1 . 9 9 2 . 2 4 2 . 5 1
7 1 2 . 0 6 1 . 8 2 2 . 7 ? 2 .  46 9 9 . 9 9 2 . 2 5 2 , 2 6
7 1 2 . 5 ? 2 . 7 4 2 . 9 1 1 . 9 8 9 9 . 9 9 3 . 1 4 3 . 2 5
I I F P 3  N F P 4  M F P 5  S P W 1  S B W 2  S P W 3  S P U 4  B P W 5
3 . 8 0 . 41 3 . 2? 1 . 41 1 . 71 . 01 . 3 4 . 1 6
5 . 0 6 3 . 0 0 4 . 5 5 . 6 2 . 3 1 . 9 6 . 1 0 1 . 61
4 . 0 5 4 . 0 7 4 . 5 5 . 2 8 . 4 1 . 2 5 . 7 1 1 . 61
4 . 1 4 3 . 1 6 3 . 0 0 . 0 6 . 4 5 . 7 5 . 3 3 . 1?
4 . 0 2 2 . 8 2 3 . 1 6 . 2 3 . 2 2 . 2 7 . 2 4 . 4 1
5 . 9 6 7 . 3 5 7 . 0 3 1 . 1 3 . 8 9 . 7 1 1 . 2 5 1 . 5 1
4 . 0 4 2 . 91 2 . 81 . 3 0 1 . 0 3 . 1 ? . 1 8 . 2 2
2 . 2 7 2 . 2 9 2 . 51 . 2 7 . 2 7 . 1 7 . 0 7 . 1 4
3 . 0 5 2 . 41 2 . 61 . 11 . 2 8 . 3 0 . 3 0 . 2 9
2 . 5 3 2 . 5 8 2 . 8 7 . 1 8 . 4 5 . 1 3 . 4 3 . 0 9
2 . 6 4 2 . 8 7 1 . 0 3 . 4 4 2 . 9 0 . 1 2 . 3 0 . 1 3
5 . 2 6 3 . 0 3 3 . 15 . 9 2 3 . 7 1 . 4 6 . 2 3 . 1 2
1 . 9 3 2 . 01 2 . 7 4 . 3 8 . 2 6 . 4 5 . 2 0 . 1 9
2 . 6 2 2 . 0 2 2 . 4 4 . 3 2 . I B . 3 2 . 1 9 . 1 4
6 . 1 ? 3 ,?B 99 . 9 9 . 8 3 1 . 1 2 . 2 8 . 6 0 99 . 9 9
3 . 4 2 3 . 6 5 4 . 0 0 . 3 ? . 4 6 . 7 4 . 7 3 . 3 9
1 . 4 5 1 . 49 1 . 3 6 . 1 4 . 21 . 0 9 . 0 6 . 0 5
4 . 71 3 . 7? 2 . 9 3 3 . 4 5 . 5 7 . 1 9 . 2 5 . 2 7
5 . 41 3 . 0 0 2 . 41 1 . 0 2 . 4 7 . 2 5 . 1 4 . 1 3
1,, 9? 3 , 5 0 99 . 9 9 1 . 0 3 . 3 3 . 1 3 . 1 4 99 . 9?
j  (. 7 9 3, . 24 91 . 9 9 . 3 3 3 . 0 7 . 3 3 . 1 7 9? . 9 9
2, , 7 7 3, , 56 99 . 9? . 3 3 . 3 5 . 49 . 1 5 9? . 9 ?
2, , 0 8 2, , 25 11 . 9 9 . 16 . 2 3 . 0 9 . 1 7 9? . 19
5, , 83 3, , 65 99, , 9 9 . 5 5 . 3 5 . 1 2 . 1 6 9? . 9 9
3. , 20 2. , 60 99, , 11 . 72 . 67 . 2 2 . 1 ? 9? . 1 9
3, ,61 3 . , 68 19 , , 19 . 21 . 24 . 2 1 . 4 3 9? . 9 9
3 . , 87 4 , 54 99 , , 99 . 15 . 47 . 6 4 . 2 5 11 . 1 9
1 . 61 1. 72 1 9 . ,19 , 7? , 08 . 3 9 . 1 1 19 , , 9 9
1 . 16 1. 1? 1 1 , ,11 , 06 , 06 . 0 8 . 0 0 91 , , 91
2 . 56 3 . 5? 1 9 , ,19 , 26 ,0? . 1 9 . 1 0 11 , , 1 9
1 . 63 1 . 69 9 9 , ,91 , 10 , 19 . 1 0 . 1 2 19 , , 9 9
9 . 97 8 . 01 1 9 . 11 , 77 1 ., 05 . 6 0 . 5 4 1 1 , , 19
4  . 5? 3 . 63 9 9 , 11 , 65 ,14 . 2 0 . 2 0 1 9 , , 99
4 . 69 4 . 15 1 9 . 11 , 26 , 43 . 2 0 . 1 4 1 1 , , 99
1 . 63 1 . 6? 9 9 . 11 I B 1? . 1 0 . 1 2 1 9 , , 99
3 . 86 3 . 1 f. 9 9 . 11 22 23 . 2 3 . 3 2 1 1 ,,99
2 . 41 2 . 17 1 9 . 11 21 ,27 . 1 0 . 0 0 1 1 . 99
2 . 83 2 . 60 9 9 . 11 13 13 . 1 0 . 1 0 1 1 . 19
3 . 38 2 . 01 1 9 . 11 • 2? . 23 . 3 3 . 21 1 1 . 99
MUMPER OF CASES REAP - 134 HUMBER OF CASEB LISTED “ 136
RAW DATA FOR THE RELAXATION TASK CONTINUED
AGE GROUP 4.5-6.5 YEARS (CODED A) (SUB-GROUPS 1 AND 2)
SEX ACE SDMI SDI I2 SPN3 6DH4 SDH5 101FBK T01I I FB 10TSPW TOTSDN ORDF ORDV HOUR I tHF-
1 1 2 . 5 2 4 . 4 3 4 . 7 4 3 . 6 2 4 . 4 2 35 . 5 0 27 . 5 8 14 . 2 8 15 . 31 2 14 . 4 5 62
2 1 . 5 3 3 . 1 1 1 . 1 4 1 . 0 3 2 . 3 2 42 . 7 6 21 . 9 4 24 . 1 2 6 . 61 1 1 11 . 0 0 61
1 1 6 . 1 4 4 . 8 4 5 . 0 7 3 . 4 0 4 . 4 4 37 . 8 0 50 78 21 . 3 3 17 . 4 7 2 11 . 3 0 61
2 ; 1 2 . 5 2 7 . 8 7 5 . 2 2 5 . 7 5 6 . 8 7 37 . 1 5 38 . 5 2 18 10 21 . 5 6 1 1 4 . 1 5 62
2 1 1 . 5 0 5 . 5 7 1 . 8 7 1 . 6 2 7 . 7 6 32 . 7 6 31 . 0 4 15 . 5 6 10 . 5 8 1 1 13 . 4 0 62
1 1 7 5 6 4 . 01 1 . 6 0 0 . 7 0 10 . 2 7 25 . 5 9 36 . 7 8 15 . 0 7 24 . 7 5 1 2 14 . 0 0 62
2 i 3 . 7 6 1 . 3 7 1 . 6 3 2 . 1 7 4 . 5 2 23 . 0 0 24 . 1 5 I t . 6 0 8 . 7 3 1 1 14 . 3 0 62
1 1 4 . 1 6 3 . 7 7 2 . 31 1 . 8 7 4 01 30 . 4 2 22 . 0 ? IB 57 12 . 1 3 1 2 14 . 4 5 62
2 1 7 . 8 0 . 9 3 8 . 1 3 1 . 7 8 . 8 0 2? . 01 27 . 71 11 . 4 0 20 . 64 1 1 13 . 4 5 62
1 1 6 . 2 7 2 01 3 . 7 3 . 0 7 7 B5 24 . 3 8 27 . 01 10 11 12 . 8 8 2 14 . 0 0 62
1 1 . 7 0 7 85 2 . 0 6 8 . 6 3 2 . 7 6 20 44 27 . 0 3 13 . 41 21 . 5 2 1 13 . 4 3 65
I 1 . 31 . 7 7 25 . 4 5 2 21 13 54 12 77 5 I S 1 80 1 2 14 . 0 0 65
2 1 6 12 2 42 6 82 4 3? 00 34 61 34 63 20 73 19 73 1 1 11 . 3 0 64
1 1 94 04 86 1 47 1 62 17 05 18 10 2 43 4 1 1 2 1 10 . 0 0 66
1 1 3 . 3 4 7 35 5 70 3 87 7 26 21 72 38 . 1 7 7 32 20 26 2 2 10 . 3 0 66
1 1 7 30 2 64 3 18 5 42 77 77 46 03 46 20 17 30 20 54 2 1 13 . 4 5 66
2 1 5 46 1 30 1 65 72 8 58 24 34 24 57 10 t o 7 13 2 2 14 00 662 1 1 15 2 46 2 07 3 05 7? 79 13 21 16 18 3 73 8 75 2 1 11 15 64
1 1 2 45 4 00 ' 7 47 1 36 77 77 22 57 27 33 14 08 15 30 2 2 10 20 66n 1 D 14 10 58 8 06 13 68 8 41 32 55 44 51 23 33 40 46 1 1 10 20 65
1 2 2 50 60 27 33 77 77 13 47 14 32 2 26 3 78 2 1 10 00 65
2 2 1 80 2 06 1 86 4 20 79 77 13 51 17 76 4 72 10 00 2 2 1 1 30 66
i 2 4 8? 56 3 I B 1 61 7? 79 24 00 27 17 7 13 10 24 2 1 11 15 66
2 2 2 31 1 33 2 44 2 40 77 77 23 04 24 07 7 52 0 56 2 2 14 00 67
2 2 7 56 74 2 08 53 77 77 17 74 44 07 8 70 12 71 2 2 1 1 13 602 2 46 60 1 75 1 74 77 77 17 02 17 57 5 83 4 03 2 1 1 0 . 15 68
2 2 2 22 66 74 1 80 77 77 27 70 27 38 11 52 5 42 2 2 1 0 . 30 60
2 2 3 16 1 11 87 40 77 77 20 73 23 90 5 . 47 5 . 54 2 1 1 1 . 00 68j 2 8 23 7 40 6 . 77 57 77 77 16 02 25 14 12 48 2 2 . 7? 1 1 13 . 45 66
1 2 6 67 1 75 1. 05 2 37 77 77 1 7 . 10 22 23 8. 61 11 . 86 2 1 1 0 . 30 642 2 . 23 77 04 1 04 7? 77 1 6 . 31 23 28 3 54 4. 70 1 2 1 1 . 30 68
2 2 81 36 74 32 7? 77 2 0 . 57 17 16 6. 88 4 . 23 2 1 13 . 45 66
1 2 i 77 1 11 8 87 1 8B 7 7 . 77 1 4 . 44 1 8 . 17 6 . 16 1 3 . 83 1 2 10 20 6B
t 2 4 . 55 5 11 7 . 70 78 7 7 . 77 2 0 . 41 25 38 1 2 . 03 2 0 . 54 2 1 10 00 6B
T 1 71 84 3 . 31 3 . 77 7 9 . 77 12 . 47 16 18 3 . 57 7 . 83 1 2 10 30 70
2 46 84 1. 14 OB 7 7 . 77 1 3 . 00 1 4 . 06 4 37 3 . 32 1 1 10 00 70
1 2 2 . 40 1 46 71 1 81 9 7 . 77 1 4 . 36 1 3 . 05 4 . 07 6 . 38 2 1 14 . 30 72
2 1. 73 2 71 7 . 17 77 7 7 . 77 1 4 . 23 1 6 . 50 7 . 05 12 . 62 I 1 1 1 15 6B
i 2 2 . 61 4 02 2 . OB 3 . 36 7 7 . 77 1 8 . 30 2 0 . 15 7 . 59 1 2 . 07 2 2 10 . 30 63
2 2 4 . 32 2 0 . 67 11 57 1 15 1 93 2 6 . 04 3 7 . 41 1 7 . 02 3 7 . 73 2 2 1 0 . 15 66
AGE GROUP 6.6-8.5 YEARS (CODED B n=39) (SUB-GROUPS 3 AND 4)
BEX AUE Si' l l  1 68112 58113 BPII4 SDKS l O l f P K TOIHFB 101 SOU TO!RDM ORDF ORDV HOUR TEHr
1 3 2 . 8 7 4 . 7 4 2 . 3 3 . 7 2 77 . 7 7 13 71 16 . 8 7 2 . 6 6 10 . 0 8 1 14 . 3 0 66
2 3 1 . 0 2 . 7 3 1 . 2 0 1 . 6 0 77 77 14 51 1? 77 2 . 4 2 4 . 7 5 2 15 . 0 0 66
2 3 2 . 3 5 2 . 8 6 3 . 3 3 5 . 3 0 77 77 18 52 22 77 3 . 7 2 13 . 84 1 1 10 . 0 0 67
1 3 . 7 2 . 9 2 . 7 0 2 . 68 7? 77 13 71 15 60 2 77 5 . 2 2 2 10 . 3 0 69
1 3 1 . 1 7 . 0 2 1 . 6 3 . 4 4 77 7? 10 77 12 76 2 30 3 . 7 6 1 I 1 15 69
3 . 0 3 1 . 2 0 1 . 2 4 1 . 3 6 77 77 16 23 i n 71 3 83 4 63 2 11 . 3 0 70
1 3 3 . 2 5 . 5 7 1 . 2 5 . 7 5 99 77 7 50 13 31 2 26 5 04 1 1 13 45 70
1 3 20 . 2 5 . 2 7 . 2 0 . 3 7 99 77 12 80 28 74 1 21 27 07 2 1 4 00 70
1 3 10 . 3 7 1 6 . BO 7 . 7 7 11 . 4 7 99 77 16 74 35 08 10 15 46 65 i 14 . 3 0 70
7 3 1 . 2 5 . 2 7 . 17 . 1 5 99 77 7 06 10 46 71 1 88 2 14 45 72
2 3 2 . 6 0 3 . 6 0 4 . 7 0 . 8 7 99 77 22 00 19 72 15 78 11 77 2 1 13 45 66
2 3 32 4 . 3 0 1 . 1 6 1 . 3 ? 77 . 9 7 1? . 7 6 20 . 4 2 2 . 5 2 7 . 1 7 2 2 14 . 0 0 68
2 3 43 2 . 3 7 2 . 1 1 4 20 77 . 7 7 17 . 4 6 20 . 1 1 7 . 4 7 7 . 11 2 1 14 . 3 0 69
2 3 53 . 6 0 1 . 0 7 3 60 77 . 7 7 12 . 2 6 13 . 3 6 3 . 0 4 6 . 6 0 2 2 14 . 4 5 69
1 3 77 . 4 3 . 2 3 43 77 . 7 7 1? . 7? 13 . 2 7 3 . 14 1 . 4 2 2 1 13 . 4 5 67
1 3 • 3 17 . 71 1 . 3 7 1 31 77 . 9 9 1 I . 7 8 16 . 2 2 6 . 0 4 6 . 7 0 2 2 14 . 0 0 67
2 3 0 01 1 . 1 6 . 5 5 2 70 77 . 9 9 17 . 7 0 17 . 6 7 11 . 7 3 12 . 7 0 • 2 1 14 . 3 0 67
2 3 46 1 . 1 0 . 4 1 1 50 77 . 9 9 10 67 I t 37 1 . 7 5  ' 3 . 5 3 2 2 11 . 4 5 67
1 3 I 58 2 . 6 5 5 . 2 7 1 55 77 77 20 76 21 27 10 77 11 . 0 7 2 1 13 . 4 5 66
1 4 6 . 50 8 . 2 7 3 . 7 7 15 IB 77 77 27 73 35 33 20 87 33 82 2 2 14 0 0 66
1 4 6 . 1? . 3 8 . 7 8 6 . 46 77 7? 11 20 22 62 1 57 13 81 2 1 11 15 68
1
1
4 1. 48 . 2 3 . 2 0 1 16 77 77 7 48 10 24 2 12 3 07 2 2 11 30 68
4 78 1 . 1 6 . 51 4 . 21 7? 77 16 26 16 86 6 72 6 66 2 1 10 15 63
1 4 2 53 1 . 1 3 1 . 7 0 7 . 70 77 77 12 00 17 72 2 52 8 14 2 2 10 30 66
1 4 1 77 1 . 6 7 2 . 0 0 1 82 7? 99 17 95 15 17 8 28 7 56 2 1 11 30 66
1 4 8 . 67 4 . 1 4 . 7 1 1 36 77 99 1 4 35 21 23 7 82 14 90 1 2 11 45 66
1 4 3 . 12 2 . 7 1 . 3 3 2 . 30 99 99 12 31 14 . 66 3 68 8 66 2 2 10 30 68
2 4 2 . 63 . 5 4 . 1 7 2 . 61 77 77 10 37 11 30 2 80 5 75 2 1 14 15 66
2 4 4 . 77 1 . 07 1 . 0 4 .72 77 77 22 41 24 42 3 45 8 44 2 2 14 45 66
2 4 ,27 . 3 7 . 3 9 ,37 7 7 77 11 . 38 1 3 . 63 1 30 1 46 2 1 10 15 68
2 4 ,07 1 . 5 2 3 . 5 0 3 . 05 1 I S 2 6 . 86 2 4 . 32 8 . 3 3 0 74 1 1 7 43 61
2 4 4 06 . 5 3 1 . 1 3 7 . 42 3 70 1? 16 2 0 . 80 3 4 0 13 74 1 2 14 00 64
2 4 2 . 17 . 5 ? 8 . 8 4 65 5 . 56 1 4 . 65 2 0 . 77 5 . 13 12 . 27 1 1 13 45 64n 4 7 . 37 . 4 8 . 6 8 1. 04 77 99 11 . 03 1 4 . 78 5 . 30 10 37 1 1 10 00 662 2 . 00 . 7 6 1 . 7 2 2 . 86 77 77 12 . 85 1 6 . 75 1 57 7 . 54 1 1 13 40 60
2 77 . 0 2 6 . 0 1 1 . 37 7 7 . 99 13 . 26 1 7 . 13 3 . 07 7 . 17 1 1 14 . 00 68
1 4 ■ .42 . 3 3 3 . 5 4 .35 7 7 . 77 12 . 57 13 . 08 1. 47 4 . 64 1 2 1 0 . 00 67
1 4 3 . 76 1 . 1 8 . 5 5 1 . 13 7 7 . 77 13 . 2? 1 6 . 48 2 . 77 6 . 64 2 1 4 . 45 70
1 4 1. 57 . 4 7 . 7 3 1 . 47 7 7 . 77 18 . 20 2 0 . 06 3 . 07 4 . 48 1 1 4 . 30 70
AGE GROUP 8.6-10.7 YEARS (CODED C) (SUB-GROUPS 5 AND 6)
REX AGE
*5
5
53
5
55
55355
553
53
5
6 
i  
t>
6
6
A
A
6
6
6
6
6
A
6
6
A
A
A
A
A
S D M I S D H 2 B D M 3 S D M 4
1 . 3 1 2 . 3 1 . 7 4 1 . 7 0
< 2 5 . 1 5 . 7 0 . 7 3
. 5 0 1 . 2 ? . 5 1 . 4 4
. 4 6 . 7 3 2.11 1.20
2 . 2 4 3 . 6 3 1 . 0 6 . 3 ?
5 . 7 4 1 . 1 7 3 . 3 0 4 . 7 ?
1  . 0 7 . 4 ? . 3 6 .66
2 . 0 7 1 . 5 1 2 . 4 7 2.01
. 3 0 . 5 1 . 3 5 . 4 7
. 0 6 1.00 1 . 6 4 1.21
1 1  . 5 6 . 7 3 3 . 3 7 5 . 3 6
2 . 7 0 2.10 . 3 1 1 . 2?
. 5 2 1 . 3 2 . 4 6 . 6 4
1 . 7 1 2 . 0 4 # 3 6 . 7 0
3 . 7 7 2.11 . 1 6 2 . 7 2
2 . 0 ? 1.66 2 . 7 0 4 . 5 7
. 5 1 1 . 0 3 1 . 4 2 . 4 2
3 . 5 1 .12 . 5 4 . 3 1
. 6 1 . 1 3 .10 . 1 6
. 2 3 . 0 6 . 7 5 . 3 6
. 5 2 . 4 6 .20 .21
.20 . 4 2 . 2 7 . 2 3
. 2 7 . 7 4 1 . 7 7 . 4 9
. 2 5 . 7 6 . 6 3 . 2 7
. 7 0 . 7 0 . 2 5 . 3 0
2 . 5 3 . 7 0 . 2 7 . 7 1
. 3 4 .00 1.21 . 7 9
2.01 1  . 5 3 . 3 3 . 3 5
1 . 3 6 1 . 1 ? 1.00 . 0 4
1 . 6 0 2.00 . 7 7 . 7 1
. 4 4 . 4 ? .10 . 3 1
. 3 6 . 4 3 . 4 5 . 3 0
. 3 1 . 6 0 .22 . 3 0
2.02 1  . 4 0 .00 . 9 5
. 4 7 . G O . 7 6 . 4 0
1  . 0 7 . 5 7 . 3 3 . 4 0
4 . 3 6 4 . 3 0 5 . 1 5 3 . 3 7
. 7 3 •  21 . 1? . 3 ?
0  D M 5 T O T F B K T O T M F B T O T 8D U T O T S D H O R D F
1 . 3 7 1 4 . 0 3 1 7 . 0 2 2 . 0 5 6 . 3  4 1
. 2 7 1 7 . 5 4 1 4 . 4 3 2 . 1 3 2 . 0 3 1
1 . 6 3 2 2 . 7 ? 2 4 , 1 7 3 . 1 7 2.02 1
1 . 6 5 7 2 . 7 5 20.00 7 . 6 7 4 . 5 0 1
. 6 1 1 6 . 7 3 1 9 . 5 1 1 . 7 0 7 . 3 2 1
. 7 2 1 7 , 1 7 2 5 . 2 2 3 . 4 6 1 5 . 2 0 1
. 5 3 1 4 . 7 1 1 5 . 3 7 2.00 2 . 5 0 2
2 . 5 0 1 4 . 0 0 1 7 .  7 B 0 . 2 4 0 . 0 6 1
. 7 4 1 6 . 7 3 2 3 , 3 ? 4  . 4 7 1 . 6 3 2
1.21 1 7 . 2 ? 2 5 . 7 2 4 . 0 3 4  .  7 ? 2
3 . 4 ? 3 2 . 6 5 3 0 . 3 3 1 2 . 7 7 2 1  . 0 4 2
. 2 5 1 1.20 1 6 . 1 1 2.20 6 . 4 0 2
. 9  7 1 6 . 0 7 1 7 . 6 2 2.00 2 . 7 4 2
1 . 0 3 1 6 . 0 0 2 3 . 3 4 4 . 3 0 5 . 0 1 2
3 . 1 6 1 7 . 4 3 2 1  . 1 3 3 . 7 2 0 . 7 6 2
5 . 0 0 1 5 . 6 4 1 7 . 4 0 7 . 4 0 12.02 2
. 7 4 1 7 . 6 0 2 0 . 4 0 2 . 5 6 4 . I B 1
7 9 . 7 ? 7  . 3 0 1 0 . 0 4 1 . 2 4 4 . 4 0 1
7 7 . 7 ? 11.00 1 0 . 5 5 .00 1.00 1
7 7 . 9 ? 7 . 5 7 1 0 . 5 ? . 7 ? 2.20 1
7 7 . 7 ? 1 2 . 7 4 1 3 , 4 3 1 . 5 7 1 . 3 ? 1
7 7 . 7 7 1 1 . 7 2 1 1 . 0 7 . 0 4 1.20 1
7 9 . 9 ? 1 1 . 0 4 1 4 . 1 ? 2 . 3 6 3 . 4 7 2
7 7 . 7 ? 1 3 . 0 7 1 6 . 2 1 1 . 4 6 1 . 9 ! 2
7 7 . 7 7 1 5 . 2 0 1 6 . 0 1 2 . 7 7 2 . 5 1 1
7 7 . 7 ? 1 3 . 7 0 1 0 . 3 2 1 . 7 6 4 . 2 7 1
7 7 . 7 ? 1 0 . 3 6 1 6 . 5 0 2 . 7 5 3 . 1 4 1
7 7 . 7 ? 1 1 . 7 7 • 1 3 . 6 2 2 . 0 6 5 . 0 2 1
9 9 . 9 9 2 4 . 0 5 2 2 . 7 5 3 . 2 2 4 . 3 ? 1
9 9 . 9 9 1 7 . 0 4 2 0 . 1 7 3 . 7 1 6.00 1
9 9 . 9 9 1 1 . 0 6 12.02 .01 1 . 4 2 1
9 9 . 9 9 1 4 . 4 5 1 5 . 0 0 1 . 3 7 1 . 6 2 1
9 9 , 9 9 1 1  . 5 0 1 2 . 5 ? . 7 3 1 . 5 1 2
9 9 . 9 9 2 5 .  1 0 2 6 . 0 1 4 . 0 5 5 . 7 7 2
9 9 . 9 9 1 3 . 0 0 1 4 . 5 ? 3 . 4 4 2 . 4 3 2
9 9 . 9 9 1 5 . 7 3 1 0 . 5 0 3 . 6 0 2 . 3 7 2
3 . 7 1 2 5 .  1 0 3 0 . 0 3 7 . 2 6 1 7 . 2 0 1
i f * - 7 ? 15 . 4? J - 6 7 1 . 5 2 1
12
1
21
2
2
1
21
22121
2
2!
221
2
2
21121
2
11
21
121
11
II 
11 
10 
10 
10 
II 1 1 
1 4  
1 3  
1 II I M 
1 3  11. n,
1 4 .
JO.II .
I I .
II .  
1 4 .  
1 4 .  
1 4 .  
1 4 .  
1 1 .
1 3 .
1 4 .  
1 4 .  
1 4 .  
1 1 .
1 3 .
1 4 .
1 3 .
1 4 .  
1 4 .  
1 3 .
00 A6
30 67
00
3 0
4 5
AI 
A  1 
6113 41
3 0  4 6
20  66 
00  66 
. 1 0  6 7
. 2 5  6 7
. 3 0  6?
. 4 3  6 0
0 0  69
. 3 0  6 7
. 4 5  6 9
. 3 0  6 2
66
6 0
7 2
3 0  7 0
4 5  7 0
5 0  4 6
00 6(1
6 0
6 7
0 0  6 7
3 0  4 7
4 5  69
3 0  7 1
6 9
7 0
4 5  6 7
3 0  66
0 0  7 2
4 5  7 2
.00
.00
AGE GROUP 18 YEARS + (CODED D AND 7 n=39)
OCX AGE
S D M I S D M 2 E D M 3 S D M 4
1  , 2 3 . 7 3 . 6 0 . 5 0
2.02 . 5 6 . 5 5 . 3 7
. 7 3 . 4 3 . 7 ? . 2 3
. 6 4 . 2? . 4 4 . 5 7
. 2 3 . 5 6 . 2 3 . 1 3
. 7 6 . 3 1 . 3 0 1 .00
. 3 2 . 6 5 . 7 1 . 3 1
2 . 2 6 .00 . 5  7 . 2 ?
. 6 9 . 1 5 . 0 3 . 2 5
.21 . 4 7 .  1? .22
.20 .  1 5 . 2 ? . 3 4
. 4 2 . 4 6 . 4 0 . 2 5
. 2 5 . 1 5 . 4 1 . 3 1
. 2 7 . 1? .21 1 . 0 6
. 7 3 1 . 7 1 . 2 6 .  I ?
1 . 6 0 . 5 4 . 2 5 . 3 7
. 2 6 . 4 7 . 1 4 .11
, 4 2 . 4 3 , 2 5 .  2 5
4 . 5 6 . 0 4 . 4 1 1.00
. 3 3 . 3 5 .20 .10
.10 3 . 4 1 , 1 7 . 3 2
.20 2 . 0 6 . 2 5 .  1?
.12 .12 .10 .22
. 1 6 . 5 1 . 7 ? . 3 3
. 1? . 5 1 .66 . 0 ?
. 3 2 . 1 6 . 4 7 . 4 7
. 1? . 3 1 .21 . 5 0
.10 .12 .21 . 3 5
. 0 6 . 0 6 . 0 7 . 0 6
. 6 1 1 . 4 3  1 . 4 3 .00
. 1 5 . 1 5 .00 .12
. 5 2 . 0 3 . 6 2 . 5 4
. 3 1 . 2 4 . 3 ? . 2 3
.00 .02 . 6 0 . 3 3
.  1 5 . 1 5 .00 .12
. 5 4 . 5 3 . 3 0 . 3 ?
. 2 6 . 9 0 .20 .11
. 1 3 . 3 5 . 1 5 . 1 3
. 3 ? . 3 3 . 3 5 . 2 3
S D M 5 T O T F B K T O I N F B T O T S D U T D T S D M O R D F O R D V  H O U R T E I
t  .20 1 1 . 0 4 1 2 . 6 7 4 . 2 7 3 . 1 4 1 1 1 5 . 0 0 6 1
1 . 7 3 1 4 . 6 0 1 0 . 7 0 1 . 9 ? 3 . 5 0 2 1 5 . 0 0 6 2
1 . 7 3 1 7 . 2 1 1 7 . 0 7 1 . 6 3 2 . 3 0 1 2 1 6 . 3 0 6 2
. 4 ? 1 3 . 5 2 1 4 . 0 5 2 . 3 7 1 . 7 4 2 1 5 . 1 5 6 2
.10 12 . 6? 12.02 . 7 6 1 . 1 5 1 I 1 4 . 4 5 6 2
. 7 5 2 4 . 0 5 2 4 . 0 4 4  . 0 0 2 . 5 3 1 1 1 6 . 0 0 6 2
.10 1 3 . 0 6 1 4 . 5 4 1 . 7 0 1 . 9 ? 1 1 7 . 4 5 6 4
2 . 3 2 1 0 . 0 3 1 1 . 6 2 1 . 5 0 3 . 7 4 I 2 10.00 6 4
. 1 5 0 .  7 3 1 1 . 4 3 . 7 ? 1 . 7 2 1 1 1 5 . 0 0 6 5
. 1? 11.00 1 1 . 6 0 1 . 1? 1 . 0 ? 1 1 1 6 . 3 0 6 5
.10 7 . 3 6 7 . 0 ? 3 . 7 6 . 7 0 1 1 7 . 3 0 6 3
. 2 9 2 1 . 7 5 1 7 . 1 6 7 . 4 0 1 . 5 3 1 2 10.00 6 4
. 0 6 7 . 7 1 0 . 4 0 1 . 2? 1.12 0 12.00 6 4
. 3 6 0 . 0 3 0 . 3 7 1.01 1 . 7 3 1 0 1 4 . 4 3 6 4
7 9 , 7 ? 2 0 . 6 1 2 3 . 5 7 2 .  8 3 3 . 0 ? 0 1 2 . 1 5 66
. 5 4 12.22 1 7 . 7 1 2 . 3 2 2 . 7 6 0 1 5 . 0 0 6 4
. 0 6 5 . 6 1 6 . 2 6 . 5 0 1 .00 1 0 1 6 . 0 0 6 4
. 4 5 1 7 . 0 1 1 0 . 0 3 4 . 4 6 1 . 3 5 1 2 1 3 . 4 0 6 2
, 1 6 1 6 . 3 7 1 7 . 6 3 1.00 7 . 6 ? 1 1 3 . 1 3 6 1
7 7 . 7 7 1 3 . 7 ? 1 4 . 0 0 1 . 6 3 1 . 1 4 0 1 2 , 3 0 66
7 7 . 7 7 1 3 . 5 7 1 3 . 3 0 3 . 7 0 4 . 0 0 1 2 1 6 , 3 0 66
7 7 . 7 7 1 3 . 0  7 1 5 . 0 3 1 . 3 2 2 . 7 B 1 0 12.20 6 7
9 9 . 9 9 0 . 7 9 7 . 3 2 . 6 5 . 5 6 2 0 1 3 . 0 0 6 7
9 9 . 9 9 1 5 . 7 9 1 9 . 0 7 1.10 1 . 7 ? 2 0 1 1 . 1 5 6 7
? ? , 7 7 1 3 . 1 0 1 3 . 7 4 1 .00 1 . 4 5 2 0 1 3 . 0 0 6 0
7 9 . 9 ? 1 2 . 5 0 1 4 . 1 7 1  . 0 7 1 . 4 4 2 0 1 3 . 2 0 6 0
9 9 . 9 9 1 3 . 1 2 1 7 . 2 4 1 . 5 1 1.21 2 0 1 7 , 0 0 6 7
9 9 . 9 9 7 . 0 2 7 . 1 0 1 . 3 7 .  B 6 2 1 1 0 . 1 5 6 5
7 7 . 7 7 5 . 1 0 5 . 0 1 . 2 9 . 2 5 2 0 1 1 .00 66
7 7 . 7 ? 7 . 7 0 10.00 . 6 4 4 . 3 5 2 0 1 1  . 3 0 66
7 9 . 7 7 0 . 0 6 0.10 • 3 f . 5 0 2 1 1 3 . 3 0 4 0
7 7 .  7 ? 3 0 .  4 2 3 3 . 2 4 2 . U 2 . 5 1 2 2 1 3 , 3 5 6 0
7 7 .  7 ? 1 3 . 9 4 1 5 . 7 3 1  . 2 7 1 . 1 7 2 1 7 . 3 0 6 4
7 7 . 7 ? 6 . n o 1 6 . 0 ? 1 . 0 3 2 . 6 3 2 2 7 , 4 5 6 4
7 7 . 7 ? 0 . 0 6 0.10 . 5 ? . 3 0 2 2 1 4 . 0 0 66
7 9 . 7 ? 1 3 . 2 0 1 3 . 6 4 1.02 1  . 7 6 2 2 1 4  . 0 0 7 2
9 9 . 9 9 1 0 . 7 3 7 . 3 3 . 7 4 1 . 4 7 2 1 1 3 . 4 5 7 2
9 9 . 9 9 7 . 0 6 7 , 7 4 . 4 6 . 7 6 1 1 1 1 . 1 5 7 2
7 7 . 7 7 10.22 1 2 . 5 0 1  . O B 1  . 3 0 2 2 1 4 . 1 3 7 2
NUMBER Ur NUMBER OF CASES READ - 156 HUMt'ER OF CASES LIS1ED -
RAW DATA FOR THE STABILISATION PERIOD PRECEEDING 
THE FINE CONTROL TASK.
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RAW DATA FOR THE SPATIAL A B IL IT Y  TASKS.
KEY TO THE VARAIABLES
VDTl-4 = Score for the video task, days 1-4.
NM 1-4 = Score for the trial at the mirror-tracing task
without the mirror, days 1-4.
MR 1-4 = Score for the mirror-tracing task with the
mirror, days 1-4.
RAW DATA FOR THE SPATIAL ABILITY TASKS
AGE GROUP 4.5-6 .5 YEARS (CODED A . SUB-GROUPS 1 AND 2}
ODE BEX
1 1
2
1 1
1 2
1 2
1 1
2
1 1
1 2
1 1
1 1
1 1
t 2
1 1
1 1
1
1 2
1 2
1 1
1 2
2 1
2 2
2 1
2 2
2 2
2 2
2 2
2 2
2 2
2 1
2 1
2 1
2 1
2 1
2 2
2 2
2 1
2 2
2 1
2 2
m m VH T 2 VDT3 VDT4 If H 1 HH2 HH3 HH4 MR1 HR2 HR3 HR4
22 20 3 6 2B 44 5 6 4 5 40 9 9 9 9 9 56 4 8
14 I B 18 . 2 8 18 22 15 7 1 4 5 1 6 8 1 8 6 120
34 36 3 9 36 2 8 I B 44 4B 181 1 9 5 116 117
14 28 66 40 5 3 9 9 9 9 9 9 9 9 9 17 3 9 9 9 9 9 9 9 9 9
3 0 42 54 40 2 7 19 3 6 13 174 1 2 3 1 6 5 1 3 5
18 2 8 3 2 3 6 2 3 26 34 3 3 16 3 1 2 6 11 7 110
34 24 3 4 4 0 5 2 31 36 5 0 1 9 4 9 9 9 144 18 2
26 2 6 3 6 40 3 2 44 5 6 5 2 2 5 7 1 3 2 111 92
20 2 6  ' 44 54 51 2 9 2 3 20 19 4 141 144 1 0 5
24 22 46 5 8 4 5 4 0 4 0 2 6 16 0 141 03 70
22 33 4 3 43 4 0 34 4 0 2 5 17 4 1 3 6 100 9 8
30 3 6 'J6 40 44 5 5 3 4 2 9 1 6 3 9 0 10 5 66
14 14 18 3 0 5 5 4? 5 5 43 1 7 5 1 6 2 170 1 2 9
24 28 4 4 46 7 7 49 33 3 0 121 1 1 6 9 5 101
14 20 3 2 24 41 34 40 41 1 5 8 1 1 7 92 91
16 16 14 20 29 5 5 4 0 5 6 1 7 0 16 4 8B 9 8
22 22 I B 3 8 62 51 40 2 9 1 9 5 1 7 7 12 3 9 5
9 9 99 99 99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
22 30 3 2 46 7 7 40 4 8 34 1 6 5 1 7 9 143 9 7
9 9 99 99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
20 38 34 46 42 17 13 51 1 3 6 110 90 7 6
38 4 8 46 5 0 21 22 19 21 184 13 5 122 9 3
22 28 3 2 4 8 31 5 0 13 3 7 1 3 3 11 3 90 8 5
30 40 3 2 5 0 34 39 20 3 6 1 9 5 10 8 9 0 7 2
I B 22 32 42 29 26 15 10 1 6 9 121 9 8 71
24 30 34 44 71 3 0 20 3 9 13 7 111 64
32 46 40 42 4 2 26 2 3 2 9 220 1 1 7 9 6 9 0
2 6 4 0 4 0 4 7 28 10 6 26 121 91 75 81
3 9 45 5 8 64 43 33 46 29 17 0 120 0 7 76
3 0 42 4 5 62 5 0 9 2 21 47 1 9 5 1 2 5 7 0 91
3 2 43 43 45 26 21 11 19 121 104 5 5 5 9
24 32 34 4 2 21 3 7 16 17 1 7 7 2 0 6 1 4 2 161
16 20 41 3 6 17 3 3 2 4 32 1 7 9 1 4 0 91 86
24 26 3 9 36 67 6 2 59 3 3 1 7 5 15 8 91 8 5
22 3 2 42 4 6 51 18 20 9 0 164 132 13 7 8 5
22 31 42 38 84 67 67 39 221 1 5 8 121 164
10 3 0 36 41 6 5 33 6 9 3 9 2 0 6 17 4 1 8 4 9 9 ?
20 35 3 9 41 2 6 16 8 2 3 15B 121 9 6 80
20 5 2 58 5 6 3 7 34 61 44 2 1 6 141 102 89
22 52 54 62 3 7 58 3 9 2 7 2 0 8 2 2 4 99 1 0 7
AGE GROUP 6.6-8.5 YEARS (CODED B) (SUB-GROUPS 3 AND 4)
*  1 2 8  3 8  48
3 2 1 A 24  46
3 2 3 2  44 64
3 1 2 0  5 2  5 8
3 1 22 30  53
3 2 3 6  48  54
3 1 2 6  4 6 4 6
3 1 3 6  5 2  6 2
3 1 24  5 0  42
3 2 3 2  5 0  563 2 36 52
3 2 4 0  46  48
3 2 18  I B  16
3 2 3 0  54 6 0
3 1 3 0  42  42
3 1 2 6  34 4 8
3 2 2 6  4 0  3 2
3 2 22 5 2  54
3 1 V? y? 99
4 1 3 0  4 0  5 0
4 1 2 0  5 2  5 2  5 6  2 0  13
4 1 4 0  5 2  6 6  6 0  5 17
4 1 2 6  42  5 1  5 0  2 3  12
4 1 2 2  24 44 44  21 10
4 1 3 0  44 5 6  5 0  21 5 0
4 1 3 0  6 0  6 0  5 2  • 14  14
4 1 4 2  34 4 0  4B 10  24
4 2 14 14 3 0  44 2 7  19
4 2 44  5 4  5n  5 8  7 o
4 2 42  47  5 6  5 0  2 2  ?
4 2 14 3 6  34  44  3 14
4 2 3 0  46  5 6  6 2  8 0
4 2 3 2  44 6 4  5 6  18 12
4 2 3 4 41 6 0  6 0 1 2  16
4 2 3 2  4 5  6 6  64  14 15
4 2 2 2  3 2  3 3  45  2 7  8
4 1 2 8  41 3 5  48  16 13
4 1 3 0  4 2  47  4 7  14 2 5
4 1 3 2  43  4 2  4 9  12 5
VDT4  MH1 HM2 HH3 NM4 HR1 HR2 HR3 HR4
54 5 5 27 2 6 23 1 2 7 8 9 87 8 2
61 7 9 18 80 3 7 19 8 154 1 0 3 96
6 2 24 12 7 11 1 9 0 11 9 9 3 61
56 37 34 61 44 2 1 6 141 1 0 2 89
53 42 36 3 0 31 13 3 1 0 3 87 84
5 6 17 34 2 0 11 2 0 7 1 8 5 1 2 5 111
41 41 33 46 40 139 81 1 6 5 1 3 6
66 2 2 10 2 18 1 7 3 1 1 7 5 4 54
48 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
51 30 25 7 8 13 121 8 2 81 59
5 6 2 7 45 31 2 8 19 8 2 0 8 171 13 9
54 l b 15 18 16 191 164 1 2 6 10 116 89 8 7 B2 8 6 184 1 9 5 1 4 2 1 1 5
6 2 10 19 21 42 1 3 9 12 8 94 80
5 0 7 4 0 7 8 3 92 13B 12 3 141 1 1 94 7 22 31 17 33 1 6 2 95 1 0 2 8 0
6 2 27 31 3 3 2 2 10 4 97 9 5 7662 3 7 5 8 39 2 7 2 0 8 2 2 4 99 1 0 799 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
17 31 16 2 83 7 0 5 7
13 16 141 1 0 9 7 2 70
9 4 1 3 3 84 5 2 19
32 2 0 1 6 9 81 6 9 6 0
29 3 2 1 6 5 10 7 7 8 40
5 2 24 1 3 3 12 9 97 0 2
16 11 174 114 8 8 5 5
3 3 3 9 13 9 74 7 5 63
15 17 1 4 4 6 8 6 2 70
11 1 1 5 8 76 54 3 7
9 10 1 0 7 67 3 8 13
10 7 1 5 1 1 0 3 51 6 5
5 7 13 6 1 0 0 51 3 6
19 7 1 8 2 111 9 0 76
14 20 166 0 7 56 53
7 0 10 6 89 7 0 46
8 6 139 11 7 5 2 39
5 9 2 2 9 19 2 8 2 76
27 40 1 0 0 176 10 6 88
4 7 1 2 9 1 0 9 6 7 50
RAW DATA FOR THE SPATIAL ABILITY TASKS
AGE GROUP 8.6-10.7 YEARS (OODED C) (SUB-GROUPS 5 AHD 6j
AOE SE X' / DT I VDT2 VD T3 V D M m i l MH2 HH3 NM4 HR1 MR2 HR3 HR4
S 1 36 44 57 60 10 2 0 1 91 5 0 31 18
5 2 2 2 15 5 4 5 8 10 7 13 0 101 71 46 3 2
5 2 42 40 64 66 I B 8 19 5 8 2 14 0 2 47
5 1 3B 56 7 0 7 0 4 6 1 1 B4 3 7 2 2 24
5 2 3 0 5 0 5 2 54 5 0 22 26 1 1 3 2 94 69 44
5 1 33 42 54 6 0 24 29 16 2 7 16 3 1 5 0 74 02
5 1 32 40 5 4 6 6 2 3 2 0 19 5 13 9 134 72 34
5 1 3 2 5 0 5 0 6 0 2 3 4 8 26 134 98 81 56
3 2 34 4 0 5 0 54 S 5 5 0 161 5 7 49 33
5 2 2 8 36 5 2 36 12 13 22 16 16 6 80 5 2 42
5 1 34 46 56 5 2 7 5 6 8 141 8 6 5 0 33
3 1 54 5 0 6 0 6 2 8 1 4 3 1 2 6 82 3 3 35
5 2 46 44 5 6 5 2 13 B 21 7 1 0 0 49 2 8 28
5 2 5 0 4 6  • 5 8 5 0 5 7 9 I B 1 8 0 1 2 8 75 55
5 1 45 48 54 4 0 2 7 1 2 3 15 1 1 5 84 5 8 56
5 1 52 54 6 2 56 21 17 2 9 31 1 6 5 1 0 6 7 7 48
5 1 34 5 0 6 0 6 6 1 4 1 4 11 1 13 0 74 42 40
5 1 3 0 5 2 4 7 5 0 11 13 12 13 1 4 0 9 7 76 5 5
6 1 2 0 40 37 5 0 7 1 0 0 9 2 4 5 2 0 17
6 1 56 70 7 0 7 0 6 47 24 13 104 8 9 6 3 64
6 1 39 44 51 44 34 14 12 1 1 2 2 64 7 0 71
6 1 40 43 ■ 5 3 54 2 6 4 3 19 0 17 9 5B 101 46
6 1 14 34 43 3 0 31 21 15 13 1 4 5 91 7 0 7 7
6 1 16 42 35 46 6 9 7 6 114 6 7 3 3 44
6 2 3 0 40 5 3 56 63 6 0 0 13 5 7 9 39 24
6 2 2 9 5 8 5 5 56 5 0 12 12 2 0 2 1 1 5 86 73
6 2 2 0 36 43 43 3 5 9 6 151 88 7 5 74
6 2 42 46 5 8 64 5 0 26 12 13 171 101 6 5 54
6 2 2 0 46 49 6 0 4 13 10 18 1 49 1 1 3 12 6 97
6 2 46 67 7 6 6 0 19 2 15 1 3 9 67 5 5 49
6 2 31 44 5 3 4 6 10 0 6 7 14 9 5 2 4 2 29
6 2 42 5 0 51 4 5 11 9 9 9 45 3 1 5 0 9 9 9 97 85
6 2 30 54 54 62 6 10 33 2 1 1 0 7 7 7 0 49
6 2 29 44 5 3 61 2 1 6 8 134 91 84 70
6 2 50 56 6 2 60 13 15 7 2B 16 6 1 4 8 1 1 9 97
6 2 5 0 5 8 76 64 10 1 7 2 10 0 8 5 39 13
6 1 44 40 54 6 8 4 2 11 1 51 42 14 5
6 1 44 47 60 6 0 19 10 13 2 2 1 2 5 8 5 5 3 4B
AGE GROUP 18 YEARS + (CODED D AND 7)
AOE SEX V D T l  VDT2  V D I 3  VDT4 MH1 HH2 MH3 NM4 HR1 HR2 HR3 MR4
1 46 5 2 5 6 6 0 0 0 0 1 5 2 23 10 4
2 5 8 64 7 0 6 8 8 0 0 1 36 2 3 1
2 34 4 7 5 8 62 1 1 0 0 0 8 0 14 11 7
2 99 99 99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
2 99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
2 9 9 9 9 9 9 99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 7
2 4 5 68 64 5 5 7 37 0 5 15 3 8 7 27 21
2 3 6 46 5 9 5 3 7 36 8 0 189 79 3 8 12
1 9 9 9 9 9 7 9? 9 9 9 9 9 9 9 7 9 7 9 9 9 9 9 9 9 9 9 9 9 9 9 7
2 99 99 9 9 99 9 9 9 9 7 7 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
2 60 6 6 6 2 6 2 10 4 0 9 6 1 1 6 5 3 3 7 16
2 4 6 46 5 4 5 4 2 6 17 0 19 2 1 0 12 7 1 5 0 99
2 9 9 99 9 9 99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 7 9 9 9 9 9 9 9
1 99 99 . 9 9 99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
2 9 9 9 7 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
2 99 99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
1 9 9 9 9 9 9 99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
2 6 2 66 70 6 0 1 2 0 1 191 50 31 10
2 34 37 44 5 2 1 5 16 3 1 0 3 27 11 10
1 99 99 99 99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
1 9V 99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 7 9 9 9 9 9 9 9
1 99 9? 9 9 99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
2 99 99 99 99 9 9 9 9 9 9 9 7 9 9 9 9 9 9 9 9 9 9 9 9 9 9 7 9
2 99 9 V 99 99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 7 9 9 9 9 9 9 7 9 9
1 9 9 99 99 99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
2 99 99 79 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
2 9 9 9 9 9 9 99 9 9 9 9 9 9 9 9 7 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
1 5 2 54 53 62 0 0 0 4 128 67 5 8 47
1 9 9 99 9 9 9? 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
2 9 9 99 99 99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
1 4 2 57 62 54 6 15 8 1 121 7 0 5 9 63
2 5 0 56 60 54 34 2 6 14 6 15 6 16 0 1 4 3 106
2 54 45 5 8 4 6 1 0 1 0 1 4 0 5 0 28 27
2 30 54 6 0 62 12 6 16 9 16 9 77 69 66
1 50 70 70 7 0 1 0 4 11 89 68 5 8 62
1 5 4 6 2 6 0 7 0 13 0 9 1 1 3 6 111 7 7 71
1 5 6 44 68 70 n 9 1 0 0 0 41 3 7 18
1 9 9 99 9 9 97 46 6 78 7 121 5 2 4 3 37
1 5 0 5 6 50 6 8 1 0 9 9 9 9 9 9 41 12 9 9 9 9 9 9
NUHDER MUMPER OF CASES READ » 1 5 6 MUMPER OF CASES L I S T E D  "  1 5 6
APPENDIX 1
DESCRIPTIVE STATISTICS, RAW DATA AND THE RESULTS OF 
INSIGNIFICANT STATISTICAL TESTS.
THE ADULT CONTROL GROUP.
T a b le  t o  show th e  fre q u e n c y  d is t r ib u t io n  o f  accu racy
(% o f  t im e  on ta r g e t )  s co re s  w ith o u t  b io fe e d b a ck  (p re
and p o s t - t e s t )  in  th e  a d u l t  c o n t r o l  g ro u p .
% on ta r g e t
Day 1 
(Pre) 
Day 4 
(post)
0-20 21-40 41-60 61-80 81-100
11 4 1 1  0
9 4 4 0 0
Table to show the frequency distribution of accuracy 
(% of time on target) scores with biofeedback in the adult 
control group on 4 days of training.
irget 0-20 21-40 41-60 61-80 81
Day 1 2 5 5 4 1
Day 2 0 4 4 2 1
Day 3 0 3 4 2 7
Day 4 0 1 7 1 8
Table to show the frequency distribution of mean 
integrated EMG scores without biofeedback in the two 
relaxation sessions before and after the fine control 
task in the adult control group over 4 days.
Before the fine control task,
Mean integrated
P M P
0-2 3-4 5-6 7-8 9-10 11-12 13+
Hirlvj
Day 1 7 8 2 0 0 0 0
Day 2 8 6 3 0 0 0 0
Day 3 10 6 1 0 0 0 0
Day 4 8 6 3 0 0 0 0
After the fine control task.
Mean integrated 0-2 3-4 5-6 7-8 9-10 11-12 13+
EMG
Day 1 8 6 2 1 0 0 0
Day 2 8 4 5 0 0 0 0
Day 3 7 8 0 2 0 0 0
Day 4 8 7 1 1 0 0 0
Means(+-SD): Accuracy scores (% time on target) in the 
adult control group with and without biofeedback over 4 and 2 
days of training respectively.
With biofeedback Without biofeedback
Day 1 2 3 4 1 4
Mean 49 69 76 76 19 23
SD 25 32 27 27 16 16
Differences between day 1 and day 4 scores without biofeedback 
[16] t=1.17 p>0.05
Relationship between day 1 and day 4 scores without biofeedback 
r=0.1894 p>0.05
Means(+-SD): Mean integrated EMG scores (microvolts) in the adult 
control group without biofeedback in the relaxation periods 
before and after the fine control task over 4 days.
Before
Day 1 2 3 4
After
1 2 3 4
Mean 3.6 3.3 3.2 3.3 3.6 3.8 3.3 3.6
SD 1.6 1.5 1.5 1.4 1.7 1.9 1.6 1.6
Table of raw data: Accuracy scores (% time on target) in the 
adult control group with and without biofeedback over 4 and 2 
days of training respectively.
With biofeedback Without biofeedback
Day 1 2 3 4 1 4
46 71 77 56 27 23
45 81 43 82 24 53
80 99 118 113 11 8
35 48 64 67 12 17
36 41 41 53 0 10
16 34 26 53 7 15
28 43 52 53 2 6
26 32 40 56 14 25
23 60 56 55 41 7
56 111 82 91 36 45
75 102 132 98 64 53
58 60 107 92 4 3
71 116 96 60 8 43
66 92 95 60 20 20
104 116 123 134 12 13
43 35 83 92 24 23
16 31 24 34 13 29
Table of raw data: Mean integrated EMG scores in the adult
control group (n=17) without biofeedback in the relaxation
periods before and after the fine control task over 4 days,
Before After
Day 1 2 3 4 1 2 3
4.9 5.6 3.5 3.5 3.7 6.7 4.2
2.1 2.0 1.5 2.3 2.0 2.3 2.8
3.1 2.7 2.6 3.1 3.1 2.7 2.8
6.9 5.4 4.4 6.6 7.9 6.4 7.5
4.5 3.2 2.5 2.9 4.9 3.5 3.5
3.2 3.4 2.9 2.9 3.2 4.0 3.3
3.5 1.7 1.9 1.6 2.1 2.6 3.3
2.0 1.5 1.9 2.0 1.8 1.6 1.7
2.7 2.6 2.6 2.4 2.7 2.4 2.1
3.9 4.5 6.9 6.0 5.0 6.7 3.0
2.5 2.1 3.4 2.8 2.7 4.9 3.4
6.9 4.6 6.9 6.0 5.5 5.2 7.8
2.0 1.6 2.3 2.6 2.4 1.8 2.6
4.8 5.8 4.1 5.4 6.0 5.6 2.4
2.9 2.9 3.3 2.7 2.5 3.1 3.2
1.8 2.8 2.9 2.0 2.2 1.9 2.2
3.0 3.5 2.9 3.4 3.7 2.3 2.6
3.8
3.1
2.8
7.1
3.3
3.5
3.5
1.9
2.3
3.4 
3.3
7.5
2.1
5.5 
2.7 
2.0
2.9
APPENDIX 2.
EXAMPLE OF COMPUTER PROGRAMME USED TO ANALYSE FINE 
CONTROL TASK RESPONSES AND DRIVE THE COMPUTER CONTROLLED 
LIGHT BAR.
20 REM**BIOFEEDDACK EXPERIMENT SEP 01 
‘10 REM**GWEN HEWITT 
60 REM** CODING BY JOHN HAMMOND 
70 REM
80 DIM L < 5 ) , S V ( 3 0 0 ) . S T ( 9 , 5 ) , R E ( 5 , 9 ) , L $ ( 7 ) , AC( 9 , 3 0 0 ) ,E L ( 5 )  ,NS<9)
02 SP$ = " " :KA=25:SP$=SP$+SP$
84 DATA 7. EQUAL.7. BELOW.7. ABOVE, MINIMUM, MAXIMUM, "RANGE " , "MEAN " ," S T  DEV "
85 DATA LATENCY
86 FOR 1=1 TO 9 : READ L $ ( I ) : N E X T  I 
90 OPEN 2 , 7 , 0 : OPEN 3 , 7 , 0
95 P R IN TE 2,C H R $( 1 4 3 ) ;
100 REM* *L IN E  120 HAS £ LVLS, AND VALS 
120 DATA 3 , 1 3 1 , 1 2 2 , 1 1 5  
125 READ NL
130 FOR 1=1 TO NL:READ L ( I ) : N E X T  I  
140 REM **L IN E 160 SETS £ REPS 
160 NR=3
164 REM**THESE ARE THE EXPECTED LVLS 
167 DATA 1 1 5 ,1 0 7 , 9 9
169 FOR 1=1 TO NL:READ E L ( I ) : N E X T .I  
100 PRINT"
190 PRINT" ":
195 PRINT" BIOFEEDBACK/LIGHT BAR EXP "
200 PRINT"NUMBER OF LEVELS IS " ;N L
220 PRINT"THE LEVELS <AND EXPECTED LEVELS) ARE:"
240 FOR 1=1 TO NL
260 PRINT" "; I ; " . .  . " ;  L ( I ) ;  " ( " ;  EL ( I ) ;  " )  *'
280 NEXT I
300 PRINT"NUMBER OF REPS PER LEVEL IS " ;N R  
320 PRINT" SO NUMBER OF TRIALS IS " ;N R *N L --
340 GOSUB 5000
350 PRINT" SESSION IN  PROGRESS"
360 REM* * START OF LEVELS LOOP 
370 T=0
300  FOR IL = 1  TO NL
400 PRINT"LEVEL £ " ; I L ; "  VALUE=": L ( IL )
420 REM**START OF REPS LOOP 
440 FOR IR=1 TO NR 
450 T=T+1
460 PRINT" REPLICATION £ " ; I R ;
470 T I $ = "0 0 0 0 0 0 "
500 IF  T I<  ( 6 0 * 4 ) THEN 500  
520 P R IN T £ 2 ,C H R $ (L ( I L ) ) ;
540 REM**LIGHT BAR ON, SO SAMPLE
545 REM**AND LOOK FOR THRESHOLD OF RESP
550 DF=127—( E L ( I L ) )
552  T H = 1 2 7 - ( D F * ( 8 0 / 1 0 0 ) )
560  T I $ = "0 0 0 0 0 0
565 G E T £3,V $:V =A S C (V$)
570 I F  V>=TH THEN 56 5  
600 OLD=V 
620 GET £ 3 ,  V$
640 V =A S C (V *)
660  IF  V< OLD THEN 600
680 REM**THRESHOLD CRITERION MET
700 L T = I N T ( ( T I / 6 0 ) * 1 0 0 0 )
720 T I $ = "0 0 0 0 0 0  
740 IS = 0  
760 IS = IS + 1  
780 GET £ 3 , V$
8 00  S V ( IS )= A S C (V $ )
B20 IF  T I <3Q0 THEN 760  
830  P R IN T £2 ,C H R $( 1 4 3 ) ;
840 N S( T ) = IS
845 REM GOSUB 7 0 0 0 : REM**RANDOM £S
846 GOSUB 4 0 0 0 : REM**SAVE SMPLS IN 2D 
850 P R IN T " ( " ; IS:"SAMPLES )"
060 REM * * S AMPLINO IS  DONE 
900 NEXT IR
920 NEXT IL
921 I F T I < ( 6 0 * 1 0 ) THEN921 .
922 PRINT£ 2 , CHR$( 1 4 3 ) ; : F0RK=1T0860:NEXTK
923 PRINT£ 2 , CHR$( 1 4 0 ) ; : F0RK=1T01 7 2 0 :NEXTK:PR IN T £2 ,C H R $( 1 4 9 ) ; : F0RK=1T0560:NEXTK
924 PR INT £ 2 , CHR$( 1 5 5 ) ; : F0RK=1T0860:NEXTK : P R IN T £ 2 ,C H R *( 1 5 3 ) ; : FORK=1T0660:NEXTK
925 I F T K 12000 THEN 922
926 P R IN T £ 2 ,C H R $ (1 4 3 ) ;
1000 REM** UNPACK 2D TO ID TO DO STATS 
1005 REM**FOR REP AND SMOOTH ACROSS REPS 
1010 PRINT"
1020 T=0
1040 FOR IL=1 TO NL 
1060 FOR IR=1 TO NR 
1080 T=T+1
1090 PRINT 5 P C( T * 2 ) ; . T H I N K I N G . T ; " ) "
1095 NS=NS(T)
1100 FOR IS=1 TO NS
1120 SV( IS )  =AC(T, IS )  .-NEXT IS
1130 GOSUB 2 0 BO : REM**STATS FOR 1 REP
1140 NEXT IR
1150 GOSUB 32G0 : REM**SMQQTH FOR 2 REPS
1160 NEXT IL
1460 REM** RESULTS
1400 GOSUB 5000
1485 0PEN4, 4 : CMD4
1510 FL$="FOR LEVEL": FDR IL=1TO NL:PRINT " " ; F L $ ; I L ; "  " ; :N E X T
1515 PRINTi FOR I=*1TQ9» PRINTL* ( I ) j i PORIL-1TONL
1530 PRINTRE( I L , I ) j L E F T S (S P$ ,K A -LE N (S TR $(R E ( I L , I ) ) ) ) ; : NEXT: P R IN T : NEXT 
1540 P R IN T "==========="
1660 P R I N T " * * * *  DO YOU WANT TO SEE THE * * * * "
1680 P R I N T " * * * *  RESULTS AGAIN (Y /N )  * * * * ' •
1700 GET A$: IF  A$="" THEN 1700  
1720 IF  A$="Y" THEN 1510  
1740 IF  A$< >"N" THEN 1660  
1999 STOP
2800 REM**NOW DO STATS 
2900  S=0: SS=0: NA=0: NB=0: N.E=0 
2920 M N =SV(1):M X=SV(1)
• 2940  FOR 1 = 1 TO NS 
2950  TM=SV( I )
2960  IF  MX*.TM THEN MX=TM
2900 IF  MN>TM THEN MN=TM
3000 IF  T M >(E L ( I L ) + 1 ) THEN NA=NA+1
3020  IF  TM<EL( IL )  THEN NB=NB+1
3040  S=S+TM
3060 SS=SS+TM'2
3080 NEXT I
3090 NE=NS-(NA+NB)
3115  N E = (N E /N S )* 1 0 0 :N A = (N A /N S )* 100 
3120 N B = (N B /N S )*1 0 0  
3130 AV=S/N5
3140 SD=SQR ( (SS/NS)-(AV>'"-2>
3160  RG=MX-MN
31 BO S T ( 1 , I R ) =NE: S T ( 2 , I R ) =NA
3200 S T ( 3 , IR )= N B :S T ( 4 , IR)=MN
3220 S T ( 5 , IR )= M X : S T ( 6 , IR)=RG
3240 S T ( 7 , IR )= A V :S T ( 0 , IR )= S D :S T ( 9 . IR )= L T
3250 RETURN
3280 REM* * REF'S DONE, AV ACROSS 
3300 FOR 1=1 TO 9 
3320 S=0
3340 FOR J=1 TO NR 
3360 S = S + S T ( I ,J )
3380 NEXT J
3390 N=S/NR:GOSUB 5600
3400  RE ( 11,, I ) =N
3420  NEXT I
34 40 RETURN
4000 FOR 1=1 TO IS
4020 A C ( T , I ) = S V ( I )
4030 NEXT I 
4040 RETURN 
5000 PRINT"
5005 PRINT"PRESS A KEY TO CONTINUE" 
5007  GOSUB 5200
5010  PRINT"PRESS A KEY TO CONTINUE" 
5015 GOSUB 5200
5020 GET K $ : IF  K$="" THEN 5005  
5040 RETURN
5200 FOR RR=1 TO 100s NEXT RR 
5220  RETURN
5600 REM**SUBR ROUNDS TO 2 DEC PLACES 
5620  N = IN T ( N * 100 + 0 . 5 )
5640 n =; : :
5660 RETURN
7000 FOR D=1 TO IS
7010 R = IN T (R N D (1 ) * 6 0 + 1 0 0 )
7020 SV(D)=R  
7030 NEXT D 
7040 RETURN
9245 T I F T I <4000  THEN 921 
READY.
90
APPENDIX 3.
INSTRUCTIONS GIVEN TO SUBJECTS IN THE FINE CONTROL AND 
THE RELAXATION TASKS.
THE INSTRUCTIONS ADMINISTERED TO SUBJECTS.
Fine contro l task.
A general instruction  o f " t ry  to match the com puter 
contro lled ligh ts  w ith  your ligh ts  -  see i f  you can do as w e ll as 
the com puter" was given in it ia lly .  Subjects were then to ld  tha t 
the tes t was about to  commence. Once the computer contro lled  LED' 
were illum inated up to the f ir s t  marker (Snoopy), subjects were 
instructed as fo llow s "when you are ready try  to make your own 
ligh ts  reach Snoopy, do not go past Snoopy and try  to  be as steady 
as possible. Try to m atch the computers lights. Good, hold i t  
there, try  to  keep Snoopy's lig h t a ligh t, t ry  not to le t the next 
lig h t lig h t up". When the scoring period was completed subjects 
were then instructed to  relax " Well done, now have a rest". These 
instructions were then repeated during the subsequent tw o tr ia ls  
a t the f ir s t  level. A t the second and th ird  levels the same 
phrases were used but the markers were described as "the snowman" 
and "the g ir l ’s p ig ta il" . The children were asked i f  they wished 
to  give the g ir l a name and i f  they did so tha t name was then used 
in the instructions.
In the a tten tion  placebo con tro l condition w ithou t 
biofeedback the subject contro lled  lig h t bar was covered w ith  the 
ve lcro s trip . Subjects were to ld  " try  and match the com puter’s 
lights w ith  your own lights although you cannot see them ". They 
were given the instructions described fo r the experim ental
condition at the appropriate times.
Relaxation task.
In the experim enta l condition w ith  biofeedback subjects 
watched as the level settings were altered so th a t only 5 LED's 
to the le f t  o f the lig h t bar were illum inated. They were to ld  tha t 
"th is  should help you put a ll the ligh ts  out". They were then 
instructed  to " try  and put a ll the ligh ts out, re lax your 
forehead, make i t  as quiet and s t i l l  or as smooth and f la t  as 
possible, try  sm iling very gently, open your mouth s ligh tly , do 
not clench your teeth, raise your eyebrows or frown. Lie s t i l l  and 
try  to  keep a ll your muscles quiet". Subjects were also to ld  tha t 
" i t  m ight help you to  try  and re lax to th ink  about a happy 
pleasant tim e like  a holiday a t the seaside, try  to imagine tha t 
you are ly ing on warm, sunny beach listening to the sound of the 
waves". It was also suggested tha t subjects m ig h t p re fer to "just 
t ry  and put a ll the lights ou t" w ithou t try ing  the strategies 
described above. Each tim e an LED which had been fu lly  illum ina ted  
started to f lic k e r  subjects were congratulated and encouraged to 
"tu rn  i t  o ff  com plete ly". I f  a ll the LED's were extinguished 
during the tw o-m inute  re laxation period subjects were then 
instructed to "see how long you can keep them turned o ff,  don 't 
le t the last lig h t lig h t up".
In the a tten tion  placebo contro l condition w ithou t 
biofeedback, the level setting was a ltered as in the experim enta l
condition and the subject contro lled lig h t bar was covered w ith  
the velcro strip . Subjects were asked to  "watch the com puter's 
lights, they w ill give you something to look a t and w ill help you 
fee l relaxed". The instructions cueing the d iffe re n t strategies 
were then given in iden tica l fo rm a t to the experim enta l condition.
Encouragement was also o ffe red  during the tw o-m inute  re laxation
period, "good, try  to turn a ll the lights out, well done, keep 
try in g " although specific  reference to individual LED's was 
obviously om m itted.
S tabilisation periods.
Subjects were asked "to  rest qu ie tly  and to  try  to  keep
your ligh ts steady a t the tree".
APPENDIX 4.
EXAMPLE GF. SHEET FILLED IN FOR EACH SUBJECT EACH DAY.
NAME__________________ ___________________ _
AGE _____________________________    .
SEX ___ ________________________________________ ___
ELECTRODE POSITIONS. -  { VERTICAL -  C o lo u r_______
-  f HORIZONTAL -  Measurement
FOOT POSITION ___ ____________________________________
ELECTROOE HO. ________________________________________
♦FB/-FB o r -FB/+FB  
COMMENTS/TIME
DAY 1 TIME STARTED ROOM TEMP
SKIN TEMP
DAY 2 TIME STARTED ROOM TEMP
SKIN TEMP
DAY 3 TIME STARTED ROOM TEMP
SKIN TEMP
DAY 4 TIME STARTED ROOM TEMP
SKIN TEMP
DAY 5 Data
Time Started ROOM TEMP
